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Chapter 5  Introduction 
 
Masahiro Ichikawa 
Research Institute for Humanity and Nature 
 
Up to this point in the book, we have examined how human activities affect forests and biodiversity, and as 
a result, how the ecological services of the forests have changed. In this chapter, we analyze various 
institutions and schools of thought on the sustainable uses of forests and biodiversity. 
In section 5.1, two papers examine institutions at the local community level. Ichikawa discusses the 
local institutions of the Iban, who are indigenous to Sarawak, focusing on land and natural resource tenure. 
Although their tenure system has changed as the socioeconomic conditions surrounding them have changed, 
it still contains mechanisms for maintaining sustainable resource uses. Momose discusses how the Iban use 
natural resources. He argues that, if local residents have abundant knowledge of their natural resources in a 
region with a high level of biodiversity, they will not cause resource degradation because they have a greater 
understanding of the various options to utilize them. Unfortunately, after accomplishing so many great 
things, Dr. Momose passed away in 2007 due to illness. All of the project members admire his achievement 
and pray for this prominent scholar.  
In section 5.2, there are four papers on national and international institutions. In the first, Baba 
examines the changes in forest management policies on Yaku Island as they relate to natural, social, and 
economic factors from the 1920s until today. In the second, Morishita looks at commercial logging in 
Sarawak and explains the relationship between a Chinese log trader and a politician. In the third paper, 
Fujita explains the changes of forest policy in Sarawak, which have been affected by European NGOs 
fighting against commercial logging in the 1980s. Fujita also describes the background for the introduction 
of forest certification in Malaysia. Looking at CITES, Onuma examines how a trade ban can successfully 
help conserve biodiversity. 
In section 5.3, the theoretical framework and methods of evaluating biodiversity are examined from 
an economic perspective. Akao et al. try to identify the conditions under which finite-time exhaustion of 
renewable resources would be optimal. In the second paper, Akao discusses methods of evaluating 
intangible and unpriced values and measuring the achievement of biodiversity conservation. Hasegawa then 
examines methods of economic evaluation for forest values, using Kinabalu Mountain as a case study. In the 
final paper, Moreno indicates the strong relationship between people’s awareness and forest conservation. 
We obtained, from the results of this project, abundant and broad-based information on local, 
national, and international institutions. The results described in this chapter provided valuable data for 
examining institutions for sustainable forest and biodiversity uses in Chapter 6. 
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Institutions and Rules on Forest Use and Management 
by the Iban of Sarawak 
 
Masahiro Ichikawa 
Research Institute for Humanity and Nature 
 
Introduction 
Sustainable forest use by natives in the tropics, who have been using forest resources for a long time, has 
been recently gained attention from the viewpoint of biodiversity conservation. Regarding the Iban, a native 
people of Sarawak, Freeman characterized their forest use by shifting cultivation as being destructive 
(Freeman 1955). Researchers after him, such as Padoch (1982), Sather (1990) and Ichikawa (2004), clarified 
that the Iban’s land use was rather sustainable, supported by their social institutions and rules on forest use 
and management. This paper deals with 2 types of rules on forest use and management. One is rules on the 
tenure of natural resources, such as land, fallow forest, and fruit trees. The other is rules on the inheritance 
of land and forest. 
Regarding the former rules, I point out that there are significant differences between the rules reported 
by this research and those reported by previous studies (Cramb1986; Wadley1997; Sather1990), and I 
describe how the differences are caused. I examine how forest use and management by the Iban are affected 
by the changes of the rules. Regarding the inheritance rules, there have been few studies so far. I describe a 
case of application of the rules and examine how Iban inheritance rules are related to their forest use and 
management. 
 
Rules on tenure of natural resources according to previous studies 
It has been known that in the native people’s institution, their adat, land ownership cannot be permanently 
held. For example, in cases in Borneo, a holder of a fallow forest has a right to make a rice field there, and 
then before the harvest he/she can exclusively manage the land and also the plants growing on it. In contrast, 
in the fallow period, the fallow forest is recognized as common property and natural growing plants in the 
forest may be taken by any longhouse members (Cramb 1986). 
If a member of a longhouse moves to another longhouse, he/she loses his/her rights to lands in the 
former longhouse (Wadley 1997; Cramb 1986), and those lands sometimes become common properties of 
the longhouse (Cramb 1986). That means that lands belong to not only individuals but also to the longhouse 
community. 
For fruit trees, in a case of the Iban, the holder is not necessarily the holder of the land on which the 
fruit trees grow, but is the person who planted the trees (Sather 1990). Since that holder right is evenly 
inherited to all children of the planter, the holder is not necessary single person (ibid.). This rule makes 
difficult for a land holder to make drastic changes to land use on it by only his/her independent decision, 
because the holder of the land and the holder of the fruit trees are different, and because there may be more 
than one holder (ibid.). The characteristic of land as property of the longhouse community, as mentioned 
above, is also thought be effective in preventing disposal and development of lands by the decision of only a 
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single individual. 
 
Methods 
For the study on natural resource tenure, I conducted interviews with persons knowledgeable on the adat in 
several longhouses in the study areas shown in Figure 1. In total, I visited 15 longhouses and interviewed 16 
persons. I asked the questions listed below. For the inheritance study also, although I conducted interviews 
in the 15 longhouses, the description in this paper is mainly a result of interviews of a person living in the 
Bakong Basin. The interviews were conducted in March and April, 2005. 
 
Questions I asked on rules of natural resource tenure are as follows: 
1. Regarding holding of lands and fruit trees: 
(i)  Can fruit trees be planted in an area held by other household members? 
(ii)  Two brothers planted fruit trees in lands of their parents when the brothers were still single and 
lived together as member of their parents’ household. Later, the younger brother married and became 
independent from the parent’s household. The parents handed over him a piece of land. There were fruit 
trees planted by the elder brother on the land. Who holds the right to those fruit trees? 
(iii)  In the harvest season for fruits, can persons other than those with holding rights for the fruit trees 
harvest them? 
2. Regarding natural useful plants: 
(i)  Can natural useful plants, such as rattans, palms, ferns, mushrooms, etc., grown in fallow forests, 
rubber gardens and fruit groves be collected by those who do not hold those lands? 
3. Regarding land rights and dealing in lands of persons who move to another longhouse 
(i)  In a case where all members of a household move to another longhouse located in a different 
territory, how are their lands dealt with? 
 
Results 
I describe only an outline of the results here because of space limitations. 
1. Changes of rules on natural resource tenure 
(i)  Changing of tenure rules as a result of commercialization of natural resources 
Table 1 is a summary of the results of interviews on natural resource tenure. There are several significant 
differences observed between descriptions of tenure rules in previous studies, and the results of this paper. 
According to previous studies, the fruit tree holder is the planter of the tree, so the holders of the tree and of 
the land where the tree grows are not necessarily the same. On the contrary, in this research some 60% of the 
interviewees answered that today the fruit trees belong to the holder of the land, regardless of who planted 
them. This means that the holder of the land and the holder of the fruit trees are coincident. Most of them 
said that the rule changed during the last 2 or 3 decades, although some said the rule was always the same 
from a long time ago. In short, the planter used to be the holder, but now the rule has been changing so that 
the fruit trees belong to the land holder. 
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Similar changes are observed for usufruct of natural useful plants. According to the previous studies, 
natural useful plants growing in fallow forests can be freely taken by anybody from the longhouse 
community. On the contrary, in this research, many interviewees answered that the usufruct belongs to the 
holder of the land on which the plants grow. That is to say, the rights of the land holder have become strong 
regarding using and holding fruit trees and natural useful plants. 
Concerning lands, if one moves from a longhouse to a longhouse of another territory, his/her land rights 
used to be lost. However, according to this research, some signs of changes are observed. Today, the person 
moving may be able to continuously hold the rights to the land. 
The changes, such as the coincidence of holder of land and fruit trees and natural useful plants, and the 
continuous holding of land rights by persons moving out from the longhouse, could be said to be due to the 
Iban’s institution assimilating to a modern tenure system. A commonly-observed background to the changes 
is commercialization of the natural resources. 
According to the interviews, the commercialization started in the latter half of the 1960s. In Sarawak, 
trunk roads passed in the middle and lower parts of major river basins where the Iban mainly live, and road 
networks were developed based on the trunk roads. The roads provided connections to urban areas such as 
Kuching, Sibu, Bintulu and Miri, and those towns also started developing in that period. The urbanization 
accelerated particularly after the 1980s. Under those conditions, the value of lands located near roads 
increased in urban areas, and growing demand for fruits and natural useful plants were observed in urban 
areas. As a result, problems such as land disputes and stealing of fruits and natural useful plants started 
happening. 
(ii)  Differences of recognition of the rules according to the longhouse and to individual people 
Although we say the “Iban” institution or rule, details varied from longhouse to longhouse. Even between 
persons who before lived in a same longhouse, and even between persons living in the same longhouse who 
are also recognized as people with a good knowledge of their adat, the answers were different. 
In order to examine why those differences occur, we need to know the learning process for the rules. 
Although that point was not examined in detail in this research, on the basis of interviews, I made inferences 
regarding the reasons why the differences happen, as explained below. 
In Sarawak, where fundamentally the population density is low, access to the fruits, natural useful 
plants, and lands was more open before commercialization than it is today, according to some interviewees. 
They said that rules on use and belongings were also less stringent. 
However, as the value of those commodities increased, disputes and conflicts on holdings and on their 
use began to occur. The disputes and conflicts have been resolved by building consensus through discussion 
at the individual level, in meetings of a longhouse, and sometimes through meetings between longhouses. In 
case the problems were not resolved at those levels, the Iban go to the Punghule and to the native court in 
the sub-division, which are the higher levels for settling problems. In the interviews, interviewees 
sometimes explained their rules, referring to how problems that had occurred in and near their longhouses 
had been resolved. That is to say, the Iban’s rules are changing and reconstructing; and there are actual cases 
of introducing new consensus made in various levels of groups as a result of the process of resolving 
problems. In particular, rules on natural resources tenure, which is the topic handled by this paper, have been 
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undergoing drastic changes, affected by recent commercialization. Therefore, different recognitions are 
heard according to the longhouse or the individual. 
2. Land inheritance 
(i)  Principles of land distribution 
Figure 2 shows a case of an Iban household and how they share their lands. The lands are divided into “old 
lands” (1 in Fig.2) and “new lands” (tanah baru) (2). The “new lands” are lands acquired by the “husband” 
and “wife” themselves after they married. Figure 2 shows a case where the “husband” inherited his parents’ 
household and the “wife” came into husband’s household from the same village. Therefore, the “wife’ has 
land(s) as pemai (minor inheritances) (3) from her parents. In Figure 2, although lands (1), (2) and (3) are 
shown as blocks, they actually represent actually several pieces of land dispersed over the village territory. 
The size of each piece would be 1 to 3 hectares. Almost all of the lands are covered by natural secondary 
forest, while a part is agricultural land such as para-rubber garden, fruit grove or pepper garden. 
In the case of the household shown in Figure 2, the lands are principally shared as explained next. In 
the “new lands”, 6 shares were recognized: 2 for husband and wife, 1 for each of the 3 children, and 1 for 
the household. For example, if there are 12 pieces of land in the “new lands” and each of them have almost 
the same size, 1 share is equivalent to 2 pieces of land. Supposing that Child 1 will succeed to the household, 
Child 2 and Child 3 will each be able to receive 1 share of land when they become independent from their 
parents’ household. Here, after Child 2 and Child 3 of Figure 2 move to independent households, in 
principle they do not have any rights to use and inherit any lands acquired by this household of Figure 2 
after they move. This is because the rights apply only to lands acquired while they are still members of the 
household. Child 1 remains in the parent’s household and takes care of his/her parents, and manages funeral 
ceremonies after they die. Child 1 receives 4 shares of land: 1 share for himself/herself, 2 shares for the 
parents, and 1 for the household, from the “new lands”. 
(ii)  Inheritance of “old lands” and heritage lands 
Concerning “old lands”, pemai lands (3) will be normally received by only Child 1 who takes care of the 
“wife” until she died. “Old lands” (1) from the “husband” side are desirably not divided and are all inherited 
by Child 1, because the lands are evidence for continuity of the household from ancestors. If “old lands” are 
abundant and/or “new lands” are few, the “old lands” may be divided to Child 2 and Child 3. However, 
heritage lands (tanah pesaka) in “old lands” are never divided, and must be taken over by Child 1. Land 
type and recognition regarding the heritage lands differed from village to village. In the study village, the 
heritage lands consist of fruit groves (pulau buah) and rubber-gardens (getah ekar) registered by 
government in the 1960s. The villagers recognized the registered rubber-gardens as high value lands 
because of their official registration. The fruit groves are lands like islands (pulau) with various kinds of 
fruit trees which were planted by ancestors and grown from seeds dropped from the fruit trees. Although 
Child 1 inherits the heritage lands, the villagers consider that he does not possess them only by himself, but 
only manages them. For example, Child 2 and Child 3 hold almost same rights as Child 1 for tapping rubber 
and collection of fruits in the heritage lands. If Child 1 wishes to sell the heritage lands, he must first consult 
Child 2 and Child 3 and get agreement from them. 
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(iii)  Strong rights held by children 
In the Iban society, sons and daughter have stronger rights for lands. An example of that situation is 
observed in divorce cases. In case a couple divorces through fault of the husband, their children usually 
follow their mother. The couple’s “new lands” are handed over to the wife and the children. In this case, the 
Iban sometimes explained that the children, even they are still small, have rather stronger rights for the lands 
than their mother’s, because the children are related to both the husband and wife by blood, and they are 
those who will inherit household properties. 
In the above case, according to a custom of another Iban village, sometimes even “old lands” of the 
husband must also be handed over to his children. All rights on these lands belong only to the children. The 
wife has no rights on lands that originated from her husband’s ancestors, because she has no blood relations 
with them. 
 
Conclusion 
Regarding the rules on natural resource tenure, their rules observed in this paper have been changing, 
especially in these recent decades, and the content has been assimilating to that of modern institutions. For 
example, many interviewees answered that the right of using plants growing on a land is held exclusively by 
the land holder. Also, although there were not so many cases, some explained that even after one moved to 
another longhouse, he/she can continue to retain his his/her holding right for the lands of his/her original 
longhouse. The background to those changes includes the fact that lands, natural useful plants and fruits 
have become more valuable as commodities than before as urbanization and construction of roads which 
connect Iban longhouses and the urban areas have progressed. In the future, the value of those commodities 
would increase under progressing urbanization and under development of the road network in Sarawak. 
Such changes observed in this paper would work negatively for maintaining land use that serves for 
biodiversity conservation. 
However, I still consider that the way changes occur to the Iban’s rules retains positive factors for 
maintaining their land use. As described above, in the process of changing rules, conflicts of tenure problem 
occur between people who have different recognitions of tenure rules. In that case, they look for resolutions 
not by majority rule, but by making consensus between them, principally by discussion. Hence, consensus 
building takes a long time. As this kind of process happens in various Iban areas, their institution as a whole 
will gradually change, being reconstructed in a form that is more applicable for their daily lives. That 
change does not happen drastically in the whole of Iban society at once. Therefore, although the functioning 
of the Iban’s rules of natural resource tenure for biodiversity conservation has been decreasing, it still 
continues having power to prevent drastic land-use changes in whole Iban areas on a large scale all at once. 
The changes in the Iban’s land-use will be slow and small-scale, contrasting with the change by mono-crop 
plantation development. 
For the Iban, lands are important for rice production, not only for its material value but also for its 
spiritual value. The reason why pemai lands are given to newly independent couples is in order for them to 
be able to produce rice. Their parents hand over pemai lands to their children from the “new lands” which 
they acquired by themselves. The Iban are proud of “old lands” as proof of long continuity of their 
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household. They consider it is better that “old lands” be handed over to decedents as a property without 
dividing them. Heritage lands, in particular, are never divided. The Iban’s way of thinking on land 
inheritance differs partly from the modern concept of land tenure. The Iban consider a land is not only for a 
person by himself/herself. The land should be managed well by him/her and then handed over to his/her 
descendants. Decision of ways of land use would not be done considering not only short-term benefit, but 
longer-time benefit, also considering the holder’s descendants. It is therefore considered important to secure 
sustainable uses of their lands. In the Iban society, lands are seen as a common resource among generations. 
Today in Sarawak, development of large mono-crop plantations is rapidly progressing. Iban land use 
that sustains the forest based mosaic landscape and that is supported by the Iban institution and rules will 
become increasingly important for biodiversity conservation. 
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Table 1  Summary of the interviews (unit: persons) 
Source: Ichikawa 2007 
 
 
 
Questions Answers Bakong area 
Sri 
Aman 
area 
Total
1. Fruit trees and fruit 
(i) Can you plant in another 
bilek’s land? 
Impossible now. But in the past, yes. 
Planter was the holder. 
Impossible now and even in the past 
4 
4 
3 
5 
7 
9 
(ii) Who do fruit trees planted 
by elder brother in his 
younger brother’s land 
belong to? 
Elder brother 
In the past, elder brother. Now, younger. 
Younger brother, both now and in the past
Other answers 
2 
3 
3 
0 
2 
0 
4 
2 
4 
3 
7 
2 
2. Natural useful plants 
(i) Can you freely take them 
from fallow forests of another 
bilek? 
Possible even now 
In the past, possible. Now impossible. 
Impossible both now and in the past 
3 
5 
0 
3 
2 
3 
6 
7 
3 
(ii) Can you freely take them 
from rubber gardens and fruit 
trees groves of another bilek? 
In the past, possible. Now impossible. 
Impossible both now and in the past 
4 
4 
2 
6 
6 
10 
3. Lands of those who move 
from one longhouse to another 
Give them to any relatives. 
 
Give them to only parents and brother, 
sister. 
 
If newly-pioneered lands, the longhouse 
chief manages them. 
5 
 
2 
 
1 
6 
 
1 
 
1 
11 
 
3 
 
2 
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In What Kind of Conditions Are Wild Species Used Sustainably? 
-Abundant Knowledge of Biology and the Effect of Biodiversity- 
 
Kuniyasu Momose 
 Ehime University 
 
Introduction 
Even if people were to live in a “traditional” manner, there is no reason to expect that wild species would be 
used sustainably. Before modern times and even in the pre-agricultural age, human activities have brought 
extinctions of wild species. Although not impossible, through all ages and in all countries, it has been 
difficult to prioritize medium- or long-term profit for a group of people over short-term profit for an 
individual person. This is not always related to interfusion of money markets or to advancement or 
modernization. 
 This paper points out that in biodiversity-rich areas, if the people have a wealth of knowledge of 
biology, they will tend to use wildlife sustainably without any contradiction associated with short-term profit 
for individual persons. 
 Wild species use may be a typical case of the tragedy of the commons(2)(3). Assuming that there is a 
useful wild species, if the people harvest the species in a self-restrained manner with an attention to the 
reproductive capacity of the wild species, they are likely to be able to use it continually in the future. 
However, most of the people would want to collect a large quantity and consume it themselves. The people 
who put this into practice can take much more utility than those who collect self-restrainedly in view of 
future use. If many such people appeared, the wild species would be collected exhaustively and eventually 
become extinct. 
 In the use of wild species, there are three ways to avoid falling into the tragedy of the commons and 
to make usage sustainable. Firstly, extinction can be avoided because the quantity required is limited, even if 
the people consume the wild species as much as they want. In other words, the utility function is saturated at 
a lower level than the destructive collection intensity that brings the wild species to extinction. 
 In fact, this is the most familiar and very important way of being able to achieve sustainable use. 
Although researchers pay little attention to this reason due to its commonness, we must not overlook it. This 
is because the relative positions of the saturation point of the utility function (maximum collection intensity 
when the people try to use the wild species as much as they want) and the destructive collection intensity 
which brings the wild species to extinction can change under conditions where people are able to choose a 
certain kind of wild species out of several candidates. 
 In the case when the more that people collect a wild species, the more they achieve unlimited utility 
(for example, in a situation where they collect the wild species for sale in an external market), or when the 
collection intensity that causes the extinction of the wild species is at a lower level than the saturation point, 
some measures to avoid excessive use are needed. 
 If the useful wild species were plants or animals of scarce mobility, people would divide the 
common land, so as to manage useful wild species within one’s own land. Such privatization of resources is 
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the second way of being able to achieve sustainable use of wild species. 
 Thirdly, people can improve their social or political institutions to control the pursuit of an 
individual’s short-term profit, for example by setting a hunting period, restricting hunting or fishing methods, 
or by setting a limit to the amount of collection per person. In previous studies on the sustainability of wild 
species use, the discussions were mainly focused on this third way of achieving sustainability. This is 
certainly an important way of achieving sustainability, but it is not the only way. 
 
What is density-dependent resource selection? 
 Biodiversity provides redundancy in useful wild species. If there is an abundance of species, one 
useful species can be replaced by another that grows in the same place. In cases where one of the three 
conditions mentioned below is satisfied, people tend to use the most abundant species, choosing it from 
numerous interchangeable candidates. Then, when the chosen species becomes scarce, people replace it with 
other useful species. This phenomenon is described here as density-dependent resource selection. 
 
(Condition 1) Skill that is particularized by species 
With techniques like trapping or ambush, seen in hunting and fishing, it is essential for people to refine their 
skills according to the target animal’s behavior pattern, home range, incentive method, etc(4). Thus, if a 
particular skill is required for collecting a particular species, people’s targets would concentrate on a single 
and more abundant species. Then, if that species became scarce, they would refine another skill, in order to 
collect an alternative species which has similar utility but different behavior or distribution range. 
 
(Condition 2) Quality unification 
Materials often need to be collected in large amounts at a time, such as building materials (in Southeast Asia, 
large scale construction such as construction of a longhouse involving an entire village is common), bamboo 
and rattan for making tools, furniture and house walls, bark and vines as rope or fiber material, several kinds 
of roofing materials, resin, glue, dye, sap for sugar, seasoning and so on. Such collection might be 
impracticable unless the materials collected have the same qualities. In such situations, people choose the 
single most abundant species from among the candidates. If species collected becomes scarce, another will 
be adopted to ensure uniformity of the material collected. 
 
 (Condition 3) Weak habituation 
There are quite a lot of effective herbal medicines for the same symptom. People always apply the herbal 
medicine that they are most accustomed to, as long as that species is abundant and accessible. However, if it 
decreased in abundance, another species would become the standard one to use. 
 Furthermore for edible fruits, spice, side dishes, and natural ornamentation, people will use the 
same species repeatedly while they are abundant, demonstrating similar weak habituation to these species. 
But when the species become less abundant, the collectors shift to other species rather than collecting the 
original species excessively. 
 In contrast, in cases of strong habituation, a completely opposite effect is observed, and the species 
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quickly run short. However, the continuance of wild species use rarely occurs, because wild plants with 
palatability such as tobacco, hemp, poppy, betel palm, betel, and durian are domesticated sooner or later due 
to their strong habituation. 
 
Abundant knowledge of wildlife and effect of density-dependent resource selection 
Let us consider which case enables sustainable use of wild species to be achieved easily; either when the 
density-dependent resource selection is practiced or not. 
 N stands for the total number of individuals of wild species having the same utility, and it is 
changeable with time. Individual numbers of each species having the same utility are n1, n2, ... ,nk (at first, 
n1>n2> ... >nk ), which are also changeable with time. 
N = n1 +n2 + ... + nk 
  It is assumed that people use a total number of u individuals per hour. 
 Here, I consider three situations as follows; 
 
(Case 1) Situation where a particular species is in use: This will occur when people do not have enough 
knowledge of useful wild species. In this case u individuals of single species h (invariable number) are used. 
 
(Case 2) Situation where density-dependent resource selection is in effect: This will occur when the 
people have enough knowledge, and at least one of the three conditions mentioned earlier (skill which is 
particularized by species, quality unification, and weak habituation) is satisfied. In this case, among j (j 
=1,2, ... ,k) species, u individuals are used from species 1, and none is used from species 2 to k. However, 
when the order of numbers of individuals changes, u individuals of the species which newly occupies the 
first place will be used. 
 
(Case 3) Situation where all species are in use without any distinction: This will occur when people have 
enough knowledge of useful wild species, but none of the three conditions for density-dependent resource 
selection is satisfied. In this case the individual number of species j that are taken is unj/N.」 
 Ecological study offers various mathematical models on community composition and population 
dynamics(5)(6). By applying the above cases to the mathematical models, we could examine in which 
conditions the extinction of wild species are most unlikely to happen. The details are due to be reported in 
another thesis, so here I will describe only the brief conclusion in qualitative terms without using 
mathematical formulas. 
 First, it is easily understood that extinction is most likely to happen in case 1. Although the 
biodiversity is high, extinction of species is caused easily when people do not have enough knowledge of 
useful wild species. So, the comparison between case 2 and case 3 comes into focus. Here, I will consider 
the issue in two distinct situations; one where species having the same utility are in competition over 
common resources such as food or space, and the other where there is no such relationship between the 
species. 
 Species with the same utility tend to have similar life style, and they are usually in a competitive 
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relationship. When density-dependent resource selection is practiced (case 2), extinction is less likely to 
happen than when it is not practiced (case 3). Moreover, in case 2, the risk of extinction of rare species 
decreases compared to the natural state where there is no human use. 
 This reason is as follows. In case 2, the species with the highest competitive capacity declines 
under human impact, causing the number of individuals of suppressed species to increase. Therefore, human 
activities make the rare species in a natural state relatively resistant to extinction. 
 Resilience in number of individuals is the most important factor for the unlikeliness of extinction 
under the pressure of human use. From this viewpoint it is assumed that density-dependent resource 
selection automatically chooses the species most resistant to extinction. It is not that the people use a 
particular species intensively because they know it has high resilience. They are each pursuing individual 
profit based on one of the three conditions of density-dependent resource selection (ie; skill which is 
particularized by species, quality unification and weak habituation). The species most resistant to extinction 
is selected as a result. 
 Next is the situation where there is no competitive relationship between species having the same 
utility. For example, small grass species used for medicines or seasonings are not always competing within 
their community despite having the same utility or taste. In this situation, unlike the situation with a 
competitive relationship, extinctions of particular species will not decrease compared to the natural state. 
However, even in this situation, the process of the species with high resilience of number of individuals 
being automatically selected for standard use is almost the same as with the competitive relationship 
situation mentioned above. Therefore, extinction occurs less often in a situation where density-dependent 
resource selection is practiced (case 2) than in a situation where it is not practiced (case 3).  
 Where there is no competition, the initially dominant species is the one with high carrying capacity 
(expressed as an number of individuals K when the condition is stable enough and there is no human use). 
Because there is a trade-off between the carrying capacity K and the resilience in number of individuals 
(expressed as r), the initially dominant species tends to be a species without high value in r. Species with 
small values of r are not suitable for intensive use over the long term, but as a result of dominant species 
replacing each another as an effect of density-dependent resource selection, species with relatively high r 
come into standard use. 
 
The effect of biodiversity 
Rich biodiversity and poor biodiversity; in which situation can wild species use be sustainable? Following is 
the formulation of how species are used, in the situation of poor biodiversity. 
 
(Case 4) Situation where biodiversity is poor: Suppose that there is only one species having some kind of 
utility, and its number of individuals is determined as N. As above, assume that people use u individuals per 
hour. The number of individuals N was previously divided into k species according to difference in 
competitive capacity, carrying capacity (K) and resilience in number of individuals(r), but here there should 
be no difference among N. 
 From this formulation, the ease of extinction can be compared with case 1 to case 3 above, all of 
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which are situations in which biodiversity is rich. A detailed examination applying the various mathematical 
models on community composition and population dynamics is due to be reported in another thesis, so here, 
again, I will describe only the brief conclusion in qualitative terms. 
 The possibility of extinction occurrence, even in single species, is highest in case 1, where although 
biodiversity is rich, people’s knowledge is poor. Of the rest, the next highest possibility of extinction 
occurring is with case 3, where although both biodiversity and people’s knowledge are rich, 
density-dependent resource selection is not acting, followed by case 4, where biodiversity is poor and then 
case 2, where biodiversity is rich and the density-dependent resource selection is acting. 
 The reason why case 4 is lower than case 3 is that there are few individuals of each species, and in 
case 3, the species with low value in r, which is most likely to be extinct, is used continually. The reason 
why case 4 is higher than case 2 is that the species with high r is automatically selected as a standard use 
species in case 2, whereas in case 4 there is no such selection. 
 The possibility that usable species die out completely becomes lower in order from case 1, case 4, 
case 3, and then case 2. Here, in case 3, only species with a low value for r would become extinct, and 
species with a high value for r would be likely to remain alive, so case 3 replaces case 4 in the order. 
 Furthermore, the possibility that species potentially having value of use die out completely 
becomes lower in order from case 4, case 3, case 2, and then case 1. In case 1, species other than h are not 
used, so they are likely to survive. 
 
Limitations of density-dependent resource selection 
Species are less likely to become extinct and the risk of extinction may be even less than in the natural state 
(where there is no human use) when biodiversity is rich, people have enough knowledge of usable species, 
and at least one of three conditions for density-dependent resource selection (ie. skill which is particularized 
by species, quality unification and weak habituation) is satisfied. Looking over the examples mentioned 
above and limiting the discussion to self-sufficient resources, there are hardly any wild species resources 
that do not satisfy any of these three conditions for density-dependent resource selection. 
 From this viewpoint, there are two important conditions for likeliness of achieving sustainable 
resource use: (i) Usable resources have redundancy due to rich-biodiversity. (ii) The level of redundancy is 
not fixed, but can be enhanced by people having greater knowledge of useable species. 
 Lastly, the limitations of sustainable resource use through density-dependent resource selection 
should be considered. As I mentioned earlier, this paper discusses only the situation when the utility function 
is saturated. This is a quite general assumption if the wild species resources are used for subsistence. 
However, if the situation is that the more people collect wild species, the more they profit from high utility, 
then the assumption collapses completely, which means that density-dependent resource selection cannot 
contribute to the sustainability of resource use. 
 Such a situation (in which the utility function is not saturated) is assumed when the wild species 
resources became a target of commercialization. In this situation, either privatization of resources or 
communal management should be adopted to maintain sustainability of resource use. In fact, for example, 
fishermen who sell their catches have severe internal restrictions, and access to the resource by external 
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persons is also limited. By contrast, there are few reports on communal resource management in collectives 
where diverse wild species are used for subsistence. I believe that communal management is not needed in 
such cases because density-dependent resource selection is available. 
 
For maintaining biological knowledge 
The idea of density-dependent resource selection is still new, so there is still a need to examine a lot of 
subjects both theoretically and verifiably. Although it seems risky to make many suggestions at this time, I 
would at least like to mention a certain point. For wild species use in biodiversity-rich area, commercial 
trade must be restricted but the collection and the use of species should not be excessively restricted. In such 
area rather they could be encouraged. People’s abundant knowledge not only allows sustainable resource use, 
but also may result in some species having an even lower risk of extinction than in the natural state without 
human use. Such indigenous and abundant knowledge structures are only inherited and improved upon by 
continuing the habit of collecting and using the species. I would like to add that people's abundant 
knowledge of biology is valuable in various ways, and the aspect emphasized in this paper is just one aspect. 
The biodiversity, people’s knowledge of biology, and their lifestyle of using abundant species, in which lies 
the basis of their knowledge, have to be conserved together, and this is in fact an efficient approach. 
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Transition of the Forest Management in Yakushima, Japan 
 
Takeshi Baba 
Graduate School of Global Environmental Studies, Kyoto University 
 
Introduction 
Yakushima, which is a part of Kirishima-Yaku National Park of Japan, forms bountiful and unique nature. 
Since it contains significantly unique ecosystem even in the world level, a part of island was designated to 
the world heritage. Since then, numbers of tourists visited to see the distinctive nature, and ecotourism, 
focusing on the forest, has been the most flourished industry in the island. In fact, it has been only 20 years 
since the forest began to attract many tourists. The worth of forests in Yakushima had been recognized early 
on, but the abundant nature was also the important resources in several developments in Yakushima. For 
instance, the forest has been utilized for forest development and generation of electricity. In other words, 
people have obtained the various benefits and services from the forest. 
Therefore, the transition of the forest management could represent and reveal the attitudes people had 
towards the forest, the background of the shifted managements, and the interactions among different 
managements. Moreover, the discussion will be focused on the incidents after 1920s and it is because that 
people started to utilize the forest in the large scale in 1920. In this paper, the term, the forest management 
indicates the large scale forest managements that are influential to numbers of people. The term doesn’t 
include the small scale usage of the forest. For example, it doesn’t include firewood or charcoal use of the 
forest by local people. 
 
The transition of forest management in Yakushima 
There are four categories of major forest managements in Yakushima since 1920. Three direct managements 
are the forestry, the electricity generation, tourism, and an indirect management is the natural preservation. 
 
Forestry (1921 to present, the peak was during early 1960s to early 1970s.) 
In Yakushima, the national forest project was officially started at the area where became the public property 
in 1885. The Basic Plans of National Forest Management in Yakushima was published in 1921, and the 
logging was operated with an understanding that Yakusugi has the significance in both the academic field 
and the natural legacy. Also, a part of the national forest was chosen for an academic forest reserve for 
Yakusugi. Up to the beginning of the World War Ⅱ, the forest management had a strict standard that 
prohibited to cut living tree of Yakusugi. 
Nevertheless, the management plan shifted towards the one with a focus of increasing the production 
yields in Post World War Ⅱ era. One of the main driving forces was a high domestic demand of the timber 
for the reconstruction and for the Korean War in 1950. Another reason was that the national forest began to 
use a self-supporting accounting system. In consequence, even the depth of the forest became a part of the 
logging area: in addition to that, clear cutting and artificial regeneration were operated in order to increase 
the production. The introduction of a chainsaw and a bulldozer also improved the efficiency of logging; as a 
result, clear cutting was expanded rapidly. Furthermore, the public management of Yakusugi encouraged the 
logging. In the Plan of National Forest Production Improvement in 1957, for example, the treatment of 
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Yakusugi was lowered to the level of the ordinary trees. Moreover, Yakushima Forestry Development Plan 
was established in 1961 and a large quantity of logging began. The large scale logging, supported by the 
technological innovation was operated for several years (Figure 1). 
The large scale national forest project, however, started to decline because of the energy revolution in 
1950s and the resulted industrial component transition. Also, cheap foreign timber took over the Japanese 
forestry, and the Kosugi-dani office, which was the center of logging, was closed in 1970. The outcomes of 
large scale logging were not only the landscape destruction but also the disasters such as drought and an 
avalanche of rocks and earth. At the same time, natural conservation movement was growing in Japan, and 
there were numbers of petitions for natural protections were submitted to the government. (Kagoshima 
Natural Protection Agency. in 1968, The Botanical Society of Japan, Ecological Society of Japan, The 
Nature Conservation Society of Japan in 1969.) In 1971, the second regional management plan responded to 
the petitions, and it enlarged the forest conservation area and settled the Yakusugi recreation forest. In the 
forth regional management plan, which was established in 1981, it strengthened the forest conservation 
standing point, and the forest management was shifted from clear cutting with artificial regeneration to 
group selection cutting, which is better alternative. Another remarkable change was the reintroduction of the 
policy that mandates the preservation of the living Yakusugi trees permanently. In addition, utilizing the 
multiple functions of forest, including the recreational use, became the foundation of the forest management. 
The plan changed its name to the Management Control Plan in 1991. In 1995, two district forestry offices 
that were in charge of the forest management were consolidated to Yakushima forestry office and it carried 
the logging. The forest environmental protection center was also settled, and it carries the forest 
management.  
 
Power Generation Development (1953 to 1960s) 
In the post war era, not only the timber but also the electricity was in high demand. There were some coal 
mines in Hokkaido and Kyushyu; however, the long distance transportation caused high cost. As a result, 
hydroelectric power generation gained the attentions in Japan. In order to utilize the high precipitation in 
Yakushima, the water power plant, Senpiro-daki waterfall water power plant was built in 1953. With the 
support of the electricity, factories of carbide, abrasive, and firebrick were in work in 1960s. This period was 
described as the daybreak of the coal mining island. 
 
Tourism (before the war time, and the after) 
In this paper, the term, ”tourism development” includes the all sorts of required developments that support 
tourism. In the beginning of the Showa era, the rich and diverse forest in Yakushima gained the attention 
from the tourism industry. The Law of National Park was enacted in 1931, and Kagoshima prefecture 
funded for researching tourism development in 1935. In the later investigations, the rich forest was 
recognized and the forest was in consideration as the national park in 1954. It became a national park as a 
part of Kirishima-Yaku National Park ten years later. At that time, national parks were selected for its 
potentials of demonstrating the Japanese unique beauty and attracting foreign tourists (Hatakeyama, 2004.) 
There are major three reasons why it took long years to become the national park. First, Yakushima is far 
from the main land. Second it didn’t have sufficient port facility (Fujimura, 1971). Finally, it took years to 
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balance the forest development and electric power generation (Itoga, 1974.) 
Even before the Yakushima forest became the national park, the tourism industry from outside paid 
attentions to the values of the Yakushima forest. After the nomination to National Park, tourism facilities 
such as the mountain lodges, the hiking trails, the accomodations, were improved, and Yakushima tourism 
conference was established. In 1968, Kagoshima prefecture included Yakushima in the area of important 
marine and mountain recreational development. It was a part of their long-term program, called “Next 20 
years in Kagoshima.” Moreover, Yakushima became famous by the discovery of Jyomon-sugi and following 
the conservation movement. In addition to that, essential infrastructure, for example, an airport, a port for 
ferries, and accomodations for tourists were developed for the foundation of tourism industry. The 
designation of the world heritage in 1993 and the ecotourism trend have contributed to increase the numbers 
of tourists in Yakushima (Figure 1). 
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Figure 1. The amount of logging and the number of visitors in Yakushima. 
Source: Kumage Branch Office, Kagoshima Prefectural Office 
Natural Conservation Movement (from 1960s to present) 
 
The forest of Yakushima was an icon of the natural conservation movement (Iseki and Harashina, 2006). 
The rapid economic growth in Japan, caused severe pollutions, and the awareness for the environment 
developed as a result. There were many natural conservation movements against the deforestation and the 
environmental degradation. Since Yakushima became the national park in 1964, it also promoted the natural 
conservation movements. The groups of scientists and local people requested the government to reconsider 
the forest managements such as the national forest project plan and the conservation forests. Moreover, 
Jyomon-sugi, which found in 1966, showed Yakusugi’s distinctive feature that is a remarkable long life, and 
also it demonstrated the rich environment in Yakushima. When Yakushima became the world heritage, 
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Yakushima and Yakusugi appealed the significance of the natural conservation. 
 
Transition of the forest usages before and after the large-sized logging 
Four forest usages were influenced and transformed by the social demands and the interrelated relationship 
among four usages. For example, an extensive logging was operated in early 1960s to early 1970s. It is 
assumed that this large scale logging affected to other forest usages. Therefore, it is important to understand 
how other usages were affected and how those usages were interrelated with each other. 
In early 1960s to early 1970s, Japan went through the rapid economic growth and the large-scale 
logging period. In the meantime, the National Forest Project shifted to clear-cutting in order to meet the high 
domestic timber demand. The excessive logging and the electricity generation, which triggered watershed 
alteration, were problematic to tourism development and the natural conservation. 
As a result, both the tourism industry and the natural conservation movement sometimes opposed to the 
forest development and the electricity generation. For example, there was a disagreement between the 
Forestry Agency, which supported the forest development, and the Ministry of Health and Welfare, which 
supported tourism development. Especially, Yakusugi was a controversial theme. In 1951, the Forestry 
Agency lowered the protection level of Yakusugi in the forth forest management plan so that Yakusugi was 
felled. At the first place, the Forestry Agency and the Ministry of Health and Welfare were recognizing the 
value of the Yakusugi forest as the tourism attraction that could compete with giant sequoia or the forests in 
Yosemite National Park in the United States. In one hand, the Ministry of Health and Welfare claimed that 
all Yakusugi trees should be protected because it is an unrenewable resource. In the other hand, the Forestry 
Agency claimed that there was no need to protect all Yakusugi trees as long as there are sufficient areas of 
the Yakusugi forest left for tourism (Shibatate, 1964.) In short, it is assumed that these conflicts caused the 
late designation as the national park. 
During the period of large-scale logging, it was also found a conflict between the Forestry Agency and 
the local groups that supported the natural conservation. For instance, it was seen in the large gap in existing 
tree numbers of Yakusugi, which has lived a thousand years, and Kosugi, which has lived less than a 
thousand years. The Forestry Agency claimed that there were 145,000 Yakusugi and Kosugi trees in total 
(11,600 trees of Yakusugi and 133,400 trees of Kosugi); on the other hand, the local conservation group 
claimed that there were only thousand trees of Yakusugi and Kosugi (Aragaki, 1974). There was a huge gap 
in their understandings. It could be because they gave the numbers that could support their points, but it 
showed that both sides didn’t have enough discussion over the topic. 
Next, there are also some corporative relationships among different forest usages. First of all, the forest 
development and electricity generation demonstrated a good example. Electricity that generated from 
Senpiro-daki waterfall water power plant supported the daily life of people who worked for developing the 
forest and transporting lumbers. Second, the natural conservation movement and tourism development also 
had a cooperative relationship. For instance, Kagoshima prefecture, local towns, scientific groups and local 
groups altogether submitted the petition of the natural conservation to the Forestry Agency. Also, the 
Ministry of Health and Welfare requested to conserve natural and tourism resources to the Forestry Agency. 
It is presumed that the natural conservation movement and tourism industry were worked together against 
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the forest development. 
During the period of the declined forestry, opposing and cooperating positions kept changing. An article, 
“Visiting the Natural Forests in Yakushima” in the Forestry News (Fukura, 1970), contains comments such 
that “It is important to support the Yakushima local community by assisting their tourism development from 
the positions as the Forestry Agency and or the district forestry office.” and “Both district forestry offices 
were constructing the forest road and contributing for the tourism development.” At first, the Forestry 
Agency had no need or intent to support the tourism industry, but they began to provide assistance. It could 
be that the Forest Agency’s attempted to justify the forest development by demonstrating the contribution to 
the tourism development. According to Shibatate (1964), “the road infrastructure is an essential part of 
tourism development, and it was improved because of the Forestry Agency.” It applied in the case of 
Yakushima, and tourists obtained the access to the deep forest. Moreover, the port facility that used to 
transport timbers contributed to the tourism.  
 
Conclusion 
In this paper, the main focus was on the transition of the forest usages in Yakushima because it may help to 
assume the reasons and backgrounds that the forest usages shifted largely before and after the extended 
logging. Also, it could help to see the interdependent relationships among four forest usages. 
The Yakushima forest that contains rich and diverse flora has been providing the resources to the 
tourism industry and forestry. However, the landscape and natural resources were degraded because of the 
expansion of logging in responding to the domestic lumber demands. The most of land in Yakushima was 
the national forest so that the forest management plans and policies had strong influence over the forest. 
With the growing environmentalism and natural conservation movement, the preserved forest and 
recreational forest were arranged. At the same time, the timber production was declined due to the 
introduction of cheap foreign timbers and the energy revolution in Japan. In short, we have gained the 
provisioning service of nature such as the timber, but the excess demand caused several problems. As a 
result, we recognized the significance of the natural conservation and also realized the value of the forest in 
the cultural service of nature such as recreational use. Moreover, the Forestry Agency changed their standing 
point from supplying the domestic timber demands to contributing for the island industry in responding to 
the people’s concerns and awareness. 
The forest development resulted environmental degradations. The crisis of Yakushima forests due to 
large scale logging drawn attentions from the nationwide, and it led to the recognition of bounty nature in 
Yakushima. However, the tourism industry is also depending on the forest developments. Housing and 
transportation infrastructure are essential for the tourism industry, and they were developed by the expansion 
of the forestry. Moreover, the history of logging and forestry became an important part of tourism attraction. 
For example, the development of forestry and traditional ways of life in the forest in Yakushima are 
demonstrated in the exhibitions in Yakusugi Museum and in the eco-tour. 
The several forest usages have coexisted and transformed with the social needs. Those usages were also 
influenced with each other. The history and whole transitions of the usages have contributed to develop the 
present social and geographic environment in Yakushima. 
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Politico-Business Relationships in Sarawak’s Timber Industry 
 
Akiko Morishita 
Graduate School of Asian and African Area Studies, Kyoto University 
 
Introduction 
Around 66.1 percent (8.22 million hectares) of the total land of Sarawak, a state of East Malaysia, is 
categorized as forest area, and by 1985 as much as 60 percent of the forest had been given away for timber 
concessions (Brown 2001). Those who have made huge profits from logging operations are a handful of top 
local politicians and local businessmen who succeeded in making close links with the politicians. This paper 
focuses on Tiong Hiew King, one of those successful businessmen and shows how political patronage is 
important for business success in the region, especially in the timber sector. 
 
Background 
Logging concessions have been issued by the state Minister of Resource Planning, a position which Chief 
Minister of Sarawak Taib Mahmud has held since 1985. Most concessions were granted to local politicians 
and their relatives, friends and political associates. The concession holders subsequently subcontracted 
logging work to local timber companies. As a result, local businessmen have to make good relations with the 
concession holders, that is, local politicians and their families, in order to gain subcontract work. Under such 
conditions, five powerful business groups have grown in the region. They are Samling, Rimbunan Hijau, 
KTS, WTK and Shin Yang (Brown 2001). The founders are all local Chinese, and these companies have 
grown nationally and even internationally today. How did they make their links with the politicians and 
become successful in business? 
 
Rimbunan Hijau and its Political Partners 
Rimbunan Hijau (RH) is the most multinational and the second largest of the five business groups1. Tiong 
Hiew King is the founder and chairman of RH, and he was ranked the 8th richest person in Malaysia and the 
746th richest in the world in 2006 (Forbes 2006a, 2006b). His personal net worth was said to be more than 
two billion ringgit (800 million US dollars) in 1995 (Malaysia Business 1995). How has he achieved such a 
great success? 
 
Tiong Hiew King was born in 1935 to a poor family in Sibu, a Chinese dominant town in Sarawak. He 
belongs to the second generation of the Foochows who migrated to the region in the early 1900s. After 
graduating from a local high school, Tiong took up a correspondence course with a Chinese university and 
also began his career at his uncle’s timber company, the WTK group. In 1975, Tiong set up his own 
company, Rimbunan Hijau, along with his brothers. RH got its start as a timber contractor in Sibu and now 
operates as far away as New Zealand, central Africa, Papua New Guinea, Vanuatu and Russia. Other than 
timber exports and timber processing, his business has also expanded to cover finance, media, IT, mining, 
                         
1 According to Brown (2001), the biggest company is Samling in terms of the total area of concessions in Sarawak. 
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aquaculture, oil palm plantation, trading, and property development (Malaysia Business 1995, China Daily 
2005). 
 
Tiong experienced political hardships during his early business days. In the early 1970s, he was jailed by 
Sarawak’s Chief Minister at the time, Abdul Rahman Yakub, on a charge of being a communist. After being 
released, Tiong tried to creep into Rahman's favor, even making a special trip to Taiwan to serve as his golf 
umbrella-holder. Rahman however continued to abuse his relationship with Tiong. For example, Rahman 
suspended Tiong's federal senatorship, despite it being promised by the Secretary General of the Sarawak 
United People’s Party (SUPP), Wong Soon Kai, in exchange for a substantial bribe (Brown 2001). The 
SUPP is the Chinese-based party of Sarawak’s coalition government and Wong is a Sibu-born Foochow 
politician (Brown 2001).  
 
In 1981, Rahman Yakub stepped down and his nephew Taib Mahmud assumed the position of Chief 
Minister and subsequently also Minister of Resource Planning. Tiong moved quickly to build up new 
political connections not only at the local level but the national level this time. Top national and local 
politicians or their family members became board members in Tiong’s listed company Jaya Tiasa. These 
include Abdul Rahman Abdul Hamid (former federal Chief of Defense Force) and Abu Talib bin Othman 
(former federal Attorney-General). RH also owns around a 40% share in Limbang Trading, the other share 
of which is owned by a senior local politician, James Wong Kim Min, who is former Minister of 
Environment and Tourism in Sarawak and owns huge areas of logging concession in the eastern part of the 
region (Brown 2001, Malaysia Business 1995, Forest Peoples Programme 1994, Malaysia Today 2005)  
 
Under the Taib administration, Tiong’s political ally Wong Soon Kai became the SUPP president, appointing 
him as Deputy Chief Minister in 1994. Tiong’s younger brother Tiong Thai King was then appointed as 
Senator in 1995. In order to make further political connections at the national level, Tiong also established 
an optical fiber company Opcom in Kuala Lumpur in partnership with Mukhriz Mahathir, a son of the Prime 
Minister at the time (Brown 2001).  
 
Tiong’s Failure in Retaining Political Connections  
Opcom, however, failed to make profits and the Tiong family resigned from the company board in 1994. 
After the Tiongs’ withdrawal from the partnership, Mukhriz Mahathir brought a lawsuit against Tiong. 
Tiong tried to arrange a meeting with Prime Minister with the help of Wong Soon Kai, an old medical 
school classmate of Mahathir. The Prime Minister, however, refused to meet with Tiong. It is also said that 
federal Inland Revenue Service agents were sent to raid the RH headquarters (Ibid). Tiong’s attempt to make 
a strong connection with the top national politician then broke down.  
 
Tiong’s political links have further withered away since Wong Soon Kai stepped down as the SUPP 
president after his defeat in the 1996 election. A Miri-born doctor, George Chan, then assumed the party 
leadership. Today, George Chan is Deputy Chief Minister of Sarawak, and his daughter married a son of the 
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Chief Minister. It is likely that this was the time when RH was overtaken by Samling, which has close links 
with the top local politicians including George Chan. Furthermore, another local Chinese businessman, Ting 
Pek Khiing, has also gained economic strength rapidly since early 1990s. He went into not only the timber 
industry but also non-timber businesses such as chemical and construction companies in partnerships with 
powerful politicians at both the national and local levels, including former federal Minister of Finance Daim 
Zaunuddin. Ting is also said to have obtained the trust of then Prime Minister Mahathir by his very quick 
completion of the five-star hotel construction project in Langkawi. Moreover, Ting once competed against 
Sarawak’s Chief Minister over a gigantic dam project, but he was able to gain control of the project through 
ties to these top national politicians (Brown 2001).  
 
While being upstaged by newly emerging business groups and individuals in Sarawak, RH became active 
and influential in the timber industry in other countries, particularly Russia and Papua New Guinea. The 
company has been operating in the Russian Far East since 1997 when it acquired the rights to harvest 
305.000 hectares of State forest (Greenpeace 2004). In PNG, RH is said to have made close connections 
with national and local politicians with bribery, including former Deputy Prime Minister, Minister for 
Internal Security, a provincial Governor and two Parliament members, and as a result succeeded in gaining 
control of close to 50 percent of PNG’s log exports (Greenpeace 2006). Although RH’s international 
operations have been accused of deforestation and illegal logging by Greenpeace and other international 
NGO groups, it is likely that Tiong can more easily conduct legal and illegal timber business in collusion 
with politicians in those “weak states” than in Malaysia where his political connections have become weak 
at both national and local levels. 
 
Conclusion 
Through the story of Tiong Hiew King, timber businessmen in Sarawak can be characterized by the 
following four features. Firstly, Sarawak’s forest concession has been controlled by the top local politician, 
and therefore local Chinese businessmen have depended totally on political patronage for their business 
success. Secondly, such politico-business connections are likely established along ethnic and regional lines 
at the beginning but are not necessary divided along these lines at end. Tiong’s closest political ally is Wong 
Soon Kai, who is a Foochow and from Sibu the same as Tiong. He started to make his political links with 
Wong before other politicians of different ethnic groups. Thirdly, local businessmen who have links with 
both national and local politicians are likely more competitive on regional business matters than those 
having links only with local politicians. As described in Ting Pek Khiing’s case, he was able to win the 
competition with Sarawak’s Chief Minister over the dam construction project through his close connection 
with top national politicians. Finally, logging operations by Sarawak’s businessmen have recently expanded 
internationally. Some of them have become notorious as actors in illegal logging and environmental 
problems, especially in PNG rather than in Sarawak. Collusion between the businessmen and politicians 
makes such problems difficult to solve.  
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In Search of Sustainable Forest Management 
and Social Solidarity in Sarawak 
 
Wataru Fujita 
Department of Multicultural World Studies, Konan Women’s University 
 
Introduction 
The tropical forest in Southeast Asia is regarded as important on a global scale because it is one of the 
world’s richest eco-systems in terms of biological diversity. Despite various efforts, however, the area of 
forest has continuously decreased due to commercial logging and conversion to farmland or plantations. 
In Sarawak, anti-logging movements by the native communities since the late 1980s led to international 
campaigns against commercial logging in Sarawak. The campaigns are now quieter than in the early 1990s, 
although NGOs are still active both in Malaysia and foreign countries. Many studies also stress a history of 
endangerment to native people’s customary rights and access to forest resources (Hong 1987), and 
exploitation of the forest resources by timber industries in cooperation with local politicians (Jomo el al. eds. 
2004; Fadzillah 1999; Ross 2001; Leigh 1998). 
However, both governmental sectors and NGOs are found to have undergone considerable policy 
changes, though the basic relationships between stakeholders as described above are maintained. 
Government introduced a ‘Sustainable Forest Management’ (SFM) policy. NGOs and native people’s groups 
now pursue their struggle with court cases demanding recognition of their ‘native customary rights’ rather 
than with blockades of the logging roads. 
This article evaluates these changes from the viewpoint of sustainable forest use as a means of 
promoting biological diversity and social stability. 
 
Forest Management in Sarawak 
Legal Framework of Forest and Land 
Modern land ownership was first introduced under Brooke rule in Sarawak, and has developed step by step 
since then. Customary land use by the native people that has been practiced since before the Brooke period 
is also recognized in the modern land law system to a certain extent: provisions of the Land Code of 
Sarawak of 1958 are currently applied. The Land Code of 1958 provides for the following categories: 1) 
Mixed Zone Land, in which both native and non-native people can obtain the ownership of the land, 2) 
Native Area Land, in which only native people can obtain the ownership of the land, 3) Native Customary 
Land, in which Native Customary Rights had been established by 1958, 4) Reserved Land, which the 
government reserved for various purposes, including Permanent Forest Estates for sustainable timber 
production and Totally Protected Areas as National Parks and Wildlife Sanctuaries, and 5) Interior Area 
Land, the area not falling into the other categories. Native Customary Land, Reserved Land and Interior 
Area Land are categorized as State Land. 
The most controversial is Native Customary Land. This area is due to customary land use of the native 
people following their customary law and beyond modern land ownership. Ambiguous boundaries and 
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ambiguity of proof often cause conflicts with outsiders. 
Forested areas within the State Land as above are under the control of the Forest Department of 
Sarawak State. The Forestland is classified into three categories: 1) Totally Protected Area, which includes 
National Parks and Wildlife Sanctuaries, 2) Permanent Forest Estate (PFE), the forest utilized for long-term 
sustainable timber production, and 3) State Land Forest, other forest area within the State Land. PFE 
comprises of Forest Reserves and Protected Forests provided for by the Forest Ordinance of Sarawak of 
1953. The Permanent Forest Estates, however, are not limited to natural forests. Therefore, afforestation of, 
for example, Acacia mangium can also be included. 
 
Forestry Operation 
Forest areas within State Land are supposed to be utilized for timber production, and logging licenses are 
issued to those forests. For the Forest Management Units in Permanent Forest Estate, long-term licenses are 
issued and the logging operation follows the scheme developed by FAO’s recommendations in the 1970s1. 
Other State Land Forests are subject to more short-term logging operation, not supposed to be reserved as 
forested areas, and might be converted into plantations of oil palm or rubber. As discussed below, 
reduced-impact logging with more attention to local people’s welfare is also practiced in some pilot projects. 
 
Forestry and Society 
Forestry has long been the most important industry in Sarawak. According to the provisions of the 
Malaysian Constitution, forest and land, unlike other natural resources as oil, is under the State’s control. In 
addition, Sarawak and Sabah are privileged in that they do not necessarily have to accept recommendations 
by the Federal Government’s experts on the issues of forest and land. Therefore, the Sarawak State 
Government has an almost free hand over its forest resources. It is often pointed out that the forest resource 
is among most important rent for local politicians. Logging license holders’ names are not open. Even 
officials responsible for logging management in Sarawak Forestry Corporation (SFC) do not know who 
owns the licenses2. However, it is commonly believed that a small number of local politicians hold the vast 
majority of licenses. The licenses are rented out for logging by the logging companies. 
 
Anti-logging Movement 
Blockades 
Commercial logging and plantation development increasingly affected the lives of local native people 
largely dependent on the forest resources. They started to protest against commercial logging within the 
areas they had been utilizing since ancestral time3. In particular, the Penan people’s blockades of logging 
roads, which started in 1987, became a matter of international concern. 
Malaysian NGOs conducted interviews with Penan people in Upper Baram area during 1994 and 1995. 
Testimony by the local people in the report (IDEAL 1999) describes the various processes of blockade 
 
1 Interview at Sarawak Forestry Corporation (SFC) and Sarawak Timber Association (STA). The details of FAO’s 
recommendation are not clear. 
2 Interview at SFC. 
3 Detail history is not clear. 
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struggles: When the logging company first came to their areas, the local people demarcated the forests from 
which they appropriated resources for daily life. They negotiated with logging companies not to fell in the 
demarcated areas and petitioned governmental authorities. Sometimes the logging companies agreed. But 
when such protests were neglected, they decided to blockade the logging roads following discussion among 
the neighboring communities. Blockading logging roads became clearly criminalized by the amendments of 
Forest Ordinance made in 1987. The government sent police to dismantle the blockades. Though there were 
no cases of serious bloodshed, a lot of local people were arrested. Logging companies might have offered to 
give ‘goodwill money’ in exchange for acceptance of logging. But local people did not accept it. Some 
groups continually constructed new blockades as soon as the old ones were dismantled by the police. 
 
International Bashing 
Blockade of logging roads to protest against commercial logging was not carried out solely by the local 
people. Foreign environmental activists like Bruno Manser as well as Malaysian domestic NGOs such as 
Sahabat Alam Malaysia (SAM) provided much assistance to the local people4. James Ritchie (1994) 
describes the detail the process from the point where the Penan people in Upper Baram first decided to carry 
out blockade until its expansion into a worldwide bashing campaign, especially with regard to engagement 
by outsiders. At the very beginning, Bruno Manser played a role as an organizer: He first facilitated 
meetings of Penan communities’ headmen5. After that, in cooperation with SAM, an Australian activist 
released a Penan public statement to the international mass media demanding an immediate stop to logging 
and warning that if logging did not stop they would blockade the logging roads. The blockade was 
implemented on 23 March 1987, the date previously announced. After that, foreign activists secretly visited 
the site and donations were made from Western countries and Japan to support the movement. The 
international campaign finally led to a boycott of Malaysian timber in the EU (Ross 2001; Kanazawa 2005). 
 
Impacts of the Movement 
The anti-logging campaign was much dependent on the support of outside environmental activists, 
especially in Western countries. Accusations from international society fueled by the activists might have 
been a pressure for Sarawak government to amend its policy to pursue ‘sustainable forest management’. But 
it is quite doubtful that these movements substantially improved local people’s livelihoods. 
Indeed, there was a divergence between foreign environmental activists and local Penan people in terms 
of what they saw as the main concern. For Penan people, securing the necessary resources for daily 
subsistence was the main issue. They demanded the government recognize their native customary rights 
over the forest resources following the Land Code as a tool for survival. Penan do not refuse development 
projects by the government regarding agriculture, education, public health and so on, which is not related to 
acceptance of logging (IDEAL 1999). Some communities even accepted collateral financial support or 
development programs from the logging companies (Samling Plywood n.d.). 
 
4 The local people’s testimony above (IDEAL 1999) did not refer to outsiders’ assistance. Those cases did not occur in the 
initial stage in the late 1980s, but in the 1990s. Therefore, it is not clear if outsiders also assisted those cases. 
5 Bruno denied his direct involvement in the blockades (Harago 1989). 
441
5.2. Impacts of National Policies and International Institutions on Forest Use Chapter 5 
 
                        
On the other hand, foreign environmental activists’ concern is mostly about the conservation of rich 
nature, tropical rainforests. When the movement was most active in the late 1980s and the early 1990s, the 
activists did not seriously consider the Penan people’s actual benefits and the improvement of their 
livelihood. For example, in 1991, a Penan village headman and his vice-head visited 31 Penan villages to 
collect their opinions on the blockade. The main answer was that Penan did not want blockades and, if 
assistance were available, they would like outsiders to instruct them in farming methods. A volunteer group 
consisting of three members from Canada and Australia working in that village reported this result to the 
activists committed to the anti-logging campaign. However, the activists responded that they knew the 
Penan did not want blockades but that was not a problem (Richie 2004). In short, the Penan were 
symbolized as nature loving for the purpose of promoting an international environmental campaign. 
 
Changing Movement 
Increasing Court Struggle 
Today, the international campaign against the logging in Sarawak is still continued by environmental NGOs 
in the West and in Japan. However, when we look at domestic NGOs, especially Sarawak-based ones, 
significant changes can be found. Recently, conflicts over forests or land between native communities and 
outsiders such as companies or the government are increasingly brought before the court rather than pursued 
through illegal means such as blockades. The natives legally claim the native customary rights following the 
Land Code of 1958. More than 100 cases are now in court6. 
The Land Code of 1958 (Part II Section 5) provided that native customary rights may be created in 
accordance with the native customary law in Interior Area Land before the 1st day of January, 1958 by the 
following methods: (a) the felling of virgin jungle and the occupation of the land thereby cleared, (b) the 
planting of land with fruit trees, (c) the occupation or cultivation of land, (d) the use of land for a burial 
ground or shrine, or (e) the use of land of any class for rights of way. Regarding the natural forestlands, the 
history of the land usage for agriculture or residence is critically important. The major interpretation, 
followed by the government as well, has been that the native customary rights cannot be claimed over the 
forestlands that do not have such history. But the native people have challenged this interpretation: utilizing 
natural forest resources without clearing the land would be included in ‘the use of land of any class for 
rights of way’. 
 
‘Rumah Nor’ Case 
Many cases regarding native customary rights, as with any other kinds of court cases, are pending in the 
court for long periods because there are not enough judges. So far, only three cases of native customary 
rights have reached decision by the court. Among them, the judgment of the ‘Rumah Nor’ case by the High 
Court in 20017 was epoch-making. Pulp and plantation companies acquired the land title over the forestland 
issued by the Land and Survey Department, which included ‘pemakai menoa’ forest, the forest customary 
used for hunting and gathering. The High Court ruled for the native customary rights over pemakai menoa 
 
6 Interview with lawyer Baru Bian. 
7 Suit no. 22-28-99-I. 
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land as well. Principally this decision was in accordance with the native people’s interpretation of the clause 
‘the use of land of any class for rights of way’ as shown above. The Appeal Court reversed this decision in 
2005, and now the case is still in the Federal Court. But the High Court’s decision has an impact to all 
sectors concerned by showing the possibility that various kinds of forest usages can be recognized as native 
customary rights. 
 
Involvement of Domestic NGOs 
The court struggle as a way for the native people to protect their customary rights was first put into practice 
in 1989 in a Lun Bawan community in Limbang Division. Baru Bian made the initiative. He was working as 
a lawyer in Kuala Lumpur but returned home to assist his homeland community. The case of his community 
was settled out of court in the end. Afterward, native communities confronting disputes with companies or 
the government regarding native customary rights all across Sarawak asked him for legal assistances. He is 
now based in Kuching, handling over half of the total of more than 100 cases regarding native customary 
rights currently in court8. 
Three more lawyers other than Baru undertake native customary rights cases. Three of the four, 
including Baru, are from the native communities. Harrison Ngau is one of them. He founded the Sarawak 
branch of SAM in 1981 and played an important role in assisting the Penan communities’ blockades and 
other related activities in anti-logging campaigns during the later 1980s and the early 1990s. He was elected 
a Member of Federal Parliament in 1990 until 1995. Then he studied law and became a lawyer in 20019. 
Harrison’s switch of career symbolically reflects the change of characteristics of the movement, especially 
of domestic NGOs. Substantial benefits for the local people are now given more emphasis than global 
advocacy of environmentalism. The legal struggle is above all not illegal. Even though it might take time, 
fighting in the court can lead to the most secure protection of rights, and a court decision in favor of the 
local people would have a significant social impact. 
Domestic NGOs, such as, Borneo Research Institute (BRIMAS) and SAM, are now committed to 
assisting the native communities’ legal struggles. They have been carrying out projects to instruct the local 
people in ‘community mapping’ using GPS instruments. Community mapping figures out local people’s 
customary land or forest uses in a way that can be used as proof in the court. The change from physical 
protests to legal struggle means a triumph for resolving the problems of Sarawak within Sarawak society. 
 
‘Sustainable Forest Management’ 
From ITTO Mission until MTCC 
The Sarawak government changed its forest policy with the introduction of ‘sustainable forest management’ 
in 1990s. This change was partially a response to international bashing and to efforts to restore the image of 
Sarawak forestry. 
The policy change began with the mission sent to Sarawak by the International Tropical Timber 
Organization (ITTO) in 1989. The Malaysian government, in informal consultation with the Sarawak 
 
8 Interview with Baru Bian. 
9 Interview with Harrison Ngau. 
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government, decided to request ITTO to send a mission. As the result of the field investigations by the 
mission during 1989 to 1990, the mission report recommended reducing annual felling from the existing 
1,300m3 to 920m3 and expanding Permanent Forest Estate (PFE) (Mission Established Pursuant to 
Resolution I (IV) 1990). The Sarawak government started to follow this recommendation. However, annual 
felling has never fallen below the recommended level of 920m3 (Graph 1). According to an interview at 
ITTO, annual felling in the PFE area has been less than 920m310. The area of PFE has been expanded from 
4.50 million ha in 1989 to 5.2 million ha in 2000. The government has a policy for further expanding the 
PFE area to six million ha and TPA to one million ha (Poore 2003). 
Furthermore, the government made it policy to obtain certification of sustainable timber all over the 
State. This policy has been under debate since the early 1990s, but, as logging companies did not easily 
agree, the policy was not realized until 2002 when each of six major companies set up a pilot site, applying 
for certification from the Malaysian Timber Certification Council (MTCC). MTCC developed its own 
scheme in cooperation with the Forest Steward Council, one of the most popular timber certification 
organizations in the world. MTCC’s latest ‘Malaysia Criteria and Indicators 2002’ (MTCC 2002) provides 
for concrete guidelines for certification by applying the FSC’s principles to Malaysian social, legal and 
ecological contexts. MTCC requires almost the same standards as FSC in the aspects of the relation to 
indigenous people or local societies, biological diversity and tracking back of the origin of timber. These, 
however, are basically within the existing legal framework, such as, the recognition of native customary 
rights. Thus NGOs are opposing MTCC as shown below. 
After preliminary implementations of MTCC’s guidelines, the first certification was given in 2004 for 
the Sela’an Linau area operated by the Samling group. In that area, zones for nature conservation and local 
community utilization are reserved, and reduced-impact logging is practiced. Some NGO staff and local 
people have also recognized the differences from conventional logging However, some communities within 
the area are still refusing any kind of logging and protesting by blockade. The company does not operate in 
the disputed area, and is trying to negotiate with those communities against the logging. 
 
Logic of the Logging Companies 
‘Sustainable forest management’ policy conflicts with logging companies’ interests. In particular, 
sustainable timber certification requires them to incur more costs for reduced-impact logging and measures 
to cope with the local communities as well as for third-party inspection. Despite this, the international 
timber market does not pay a sufficient price premium for certified timber to cover these costs. There are 
several reasons why the logging companies agreed to apply for certification, even though it only covers a 
small portion of their total logging sites. 
First, they aimed to improve their international image. If certified as sustainable timber, they could 
expand their market to Europe where Sarawak timber was boycotted. Beyond a few Western countries, the 
global market still demands as cheap timber as possible regardless of its origin11. Thus the company’s image 
restoration is more motivating than the market expansion for them. 
 
10 Interview at ITTO. 
11 Interview at Sarawak Timber Association (STA). 
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Apart from this, there was a pressure for sustainable forest usage from the government or within the 
timber industry. The government would like to secure loyalty and revenue in the future through assuring 
sustainable forest resource use by certification. Within the industrial sector, plywood companies that are not 
group companies of logging companies also demanded certification for securing future timber supplies12. 
The logging companies decided to pay the additional cost to respond to the pressures from international 
society, and from the government and industrial sector within Sarawak. At present they can put up with this 
situation because applications for certification only cover a small portion. The remaining conventional 
logging can cover the loss from certified areas. However, the government really wishes to go ahead with 
having certification cover the whole State, not by enforcement but on a voluntary basis by the companies. 
However, this might not be achieved if the market does not change to pay a sufficient price premium for 
certified timber. 
 
Opposition to MTCC by NGOs and Local People 
Native people and the NGOs supporting them are opposing the MTCC scheme. They insist that the scheme 
does not give enough respect to native’s customary rights, and that the opinions and interests of those native 
people who would be directly affected by the logging were not well represented when building up the 
MTCC scheme. Since MTCC was established in 1998, NGOs representing native people and supportive 
NGOs network, ‘Jaringan Orang Asal – NGO Tentang Isu Hutan (JOANGOHutan)’, participated in the 
debate over setting up the MTCC scheme. They continuously stressed native customary rights over the 
forest resources, but such opinion was rejected as unrealistic. Finally, in 2001, JOANGOHutan dropped out 
of the argument, as they felt their participation might have been utilized to legitimize the MTCC process 
(JOANGOHutan n.d.). They also pointed out that MTCC was dependent on the governmental sectors 
financially and for personnel, and thus, tended to support the government or companies’ side. After this 
NGO exited, other native group organizations were invited as the representatives of native people. However, 
they were organizations working for traditional arts and cultures, and did not really represent the stakes of 
the natives affected by logging. Progressive ideas on native customary rights by the court as shown above 
are neglected. Considering these facts, JOANGOHutan insisted that the MTCC scheme only looks after 
sustainability of timber production and dismisses sustainability of society and culture. JOANGOHutan 
demands complete realization of the FSC’s principles, such as ensuring that representatives of local people 
who are substantially affected by logging are involved in the process of certification and assessment, and 
insisting that logging needs informed consent in advance by those local people really affected 
(JOANGOHutan 2004). 
 
Conclusion 
Examining the socio-political structure surrounding forest resources as above reveals part of the reason why 
Sarawak had to suffer from such enormous bashing by international society. In short, only foreign 
environmental activists were reliable in supporting Penan people against the logging, and could appeal to the 
Sarawak government and to international society. No politicians, even from other native groups, paid 
 
12 Interview at STA. 
445
5.2. Impacts of National Policies and International Institutions on Forest Use Chapter 5 
 
attention to Penan. There were domestic NGOs like SAM within Sarawak. But they are quite minor in 
Sarawak and Malaysian society, and have been strongly oppressed by the government. In Malaysia, ‘urban 
middle class’ people are divided by ethnic group, such as, Malay, Chinese, and Indian in the case of 
Peninsular Malaysia, and Malay/Melanau, Chinese, and other non-Muslim natives (Dayak and Orang Ulu) 
due to the Bumiputra policy, which, in fact, treats the Malay better than others. Otherwise these middle class 
people could be sympathetic with the Penan’s protest as a human right concern. If the government had been 
more tolerant with social activism within the State and the middle class people united to share a public 
debate on social justices, various controversies could be resolved within the country and much less 
international bashing would arise. That might have been much more beneficial for both the Penan and for all 
other people in Sarawak. 
The situations are now changing. Both the government and NGOs have changed their policies. Even 
though the principal policy and legal framework is not changed, sustainable forest usage began to be taken 
into consideration, and the local people’s livelihood began to be respected to some extent. Because the 
government still refuses full recognition of native’s rights over the forests they are claiming, bashing by both 
domestic NGOs and international society does not stop, but is quieter. On the other hand, NGOs and the 
native people also changed, now taking legal measures in their struggle with the companies and the 
government instead of blockades, although these have not yet totally disappeared. Involvement of foreign 
environmental activists is now smaller than the domestic NGOs’ assistance for the native people in legal 
struggles or in negotiations with the companies and the government. 
These changes reflect the triumph of resolving conflicts within Sarawak society without utilizing 
international pressure. Substantial and practical improvement of the native people’s living environment is 
addressed rather than the ideological progression of human rights or nature conservation. But there is still a 
large gap between the local people supported by NGOs and the government. Local people stick to full 
recognition of their native customary rights over the vast area of forests. The government and the companies 
insist on existing laws. This conflict might be resolved only by the court decision. But social solidarity 
cannot be restored by legal judgments. What is most needed is a place for continuous dialogue in an equal 
partnership. Every stakeholder should be involved, to think about the most meaningful usage of forest 
resources in both an ecologically and socially sustainable way. A built-in conflict resolution system in the 
society is the most important infrastructure for sustainable forest management. 
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Black Markets and Trade Bans:  
Can Bans Reduce Illegal Production? 
 
Ayumi Onuma 
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Introduction 
Despite the fact that their consumption is not, by their nature, harmful to people, transactions of some goods 
are prohibited by law. Key examples include endangered species or derivatives of them. In these cases, 
“production”, not consumption, is the main focus of the law implemented; to try to increase production of 
these goods is considered damaging to nature or human society. 
Although prohibited, the purchase of the goods in question is still possible to some extent through 
“illegal markets” or “black markets”. It is extremely difficult to completely wipe out such markets from 
society, especially in developing nations, despite the efforts of governments and other authorities. In general, 
it is assumed that the black market would shrink if legal trade were prohibited, since this would reduce 
demand for the goods and make laundering impossible. Thus, a trade ban is thought to be a useful way of 
reducing illegal production. This assumption provides the basic case for banning trade, or for not lifting 
trade bans. 
CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) is the main 
multilateral framework legal framework aiming at preventing species extinction, banning trade of those 
species that are listed in CITES Appendix I. However, it is pointed out that the CITES trade ban is not 
always effective in protecting threatened species. For example, according to 'tSas-Rolfes (2000), the ban 
seemed to work for protecting African elephants, but it failed to stop the extinction of rhino species such as 
black rhino, because it sharply raised the price in the black market and boosted poaching. That is, a trade 
ban may have adverse effects, far from the desirable ones expected, and illegal production (i.e., poaching) 
may not always decline under a trade ban. It could, on the contrary, increase1.  
In the literature in terms of economic theory, Bergstrom (1990) shows in a simple supply and demand 
model that reducing legal supply of elephant tusks and rhino horns could increase poaching. Barbier and 
Swanson (1990) and Heltberg (2001) also point out that a trade ban might be ineffective, since it could 
stimulate the illegal trade through increasing the incentive for poachers, using a model where the demand 
for ivory declines by the introduction of the ban.  
Fischer (2004) gives a microfoundation for considering the effects of a trade ban. In addition, Fischer 
neatly includes laundering activity, which is crucial in considering the effect of lifting the ban. With this 
inclusion of laundering, Fischer links the legal and illegal markets and deals with the interaction between the 
two markets. The result is that a trade ban reduces poaching where laundering is present, and will minimize 
poaching if it can be assumed that other conditions remain unchanged. That is, a trade ban fails only if 
laundering would not occur under legal trade. 
However, laundering might be inevitable under legal trade, especially in a commodity in great demand 
                                            
1 For the detail of these facts, see Onuma (2006).  
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like rhino horn. In the rhino horn case, the CITES trade ban was not successful. Thus, whether a trade ban is 
effective may not be determined by the question of whether laundering would occur in legal trade. A trade 
ban may still fail even if there is laundering under legal trade. This research aims at clarifying this point, 
regarding the legal and illegal markets as being interdependent. 
In Fischer’s analysis, the two markets are kept virtually separate; there exist two groups of people, one 
consisting of completely immoral people who purchase goods from the black market whenever the price 
there is lower than that in the legal market. The other consists of completely moral people, who never resort 
to the black market. Thus, the two markets interact only when the two market prices are identical, or when 
launderers act as intermediaries between the two markets. 
However, it might not be realistic to think that the legal and illegal markets are separate. There may be 
many people who resort to the black market if the price there is relatively low, but who abide by the law and 
purchase from the legal market if the price difference between the markets is small enough. 
Based on this understanding, this paper provides a simple general equilibrium model in which both 
legal and illegal markets exist interdependently, and examines whether a trade ban is effective in preventing 
the endangered species from becoming extinct.  
 
The Model 
We assume an economy where the transaction of a commodity is either completely prohibited or permitted 
only if it is certified by the authorities. We call the former case a “trade ban”. However, in each case there 
exists a black market, where the goods are illegally traded. The goods are produced by illegal activities such 
as poaching. Let us denote the illegal output by X and its price in the black market by PB. We assume a 
representative producer who maximizes his profit defined by, as in the literature, 
 
10  , ≤≤−= rCXrPBXπ  . 
 
Here r represents the rate of the output that is not confiscated by the authorities, and C is the cost of illegal 
production. 1-r, which is the rate of confiscation, is a proxy for the efforts of the authorities to eradicate 
illegal trade and production.  
 At the same time, we assume that the cost of illegal production C is dependent only on X as C=C(X) with 
C'>0,C''>0. Thus, the producer's profit maximization leads to rPB=C'.  
 On the other hand, we assume that there is a representative launderer. Fischer (2004) characterizes 
laundering behavior as a launderer buying black-market goods and laundering them for subsequent sale in 
the legal market. The authorities detect this laundering, and confiscate a part of the goods that the launderer 
tries to sell in the legal market. Let (1-φ) be the rate of confiscation from laundering. So φH represents the 
supply from the launderer to the legal market. G(H) denotes the cost of laundering behavior, with 
G'>0,G''>0. So the launderer's profit πH must be defined by φPLH-G(H)-PBH.  
 Consumers gain utility from the goods in question. There is no difference for each consumer between the 
goods from the black market and from the government. That is, legal goods and illegal goods are perfect 
substitutes. However, each consumer feels more or less morally guilty if he or she purchases illegal goods. 
449
5.2. Impacts of National Policies and International Institutions on Forest Use Chapter 5 
 
Let y and z express the quantity of legal and illegal goods purchased, respectively. The net utility to 
consumers is represented by 
 
,)()(),,( zzPyPzyUzyV BL αα −+−+=  αα ≤≤0  
 
where U represents the utility gained from consuming the goods and PL the price of goods in the legal 
market. We assume U'>0 and U''<0. On the other hand, αz is the disutility that arises due to the purchase of 
illegal goods. We call this disutility “moral pain” and refer to α as the moral pain coefficient. We assume 
that U is identical across consumers, but that α differs across the same consumers. The number of 
population with α is denoted by f(α) with ∫ =α αα0 .1)( df  A consumer's behavior is described by the 
following expression:  
zzPyPzyU BLzy α−+−+ )()(max ,  . 
Three types of consumers are possible: consumers who purchase only legal goods, consumers who purchase 
only illegal goods, and consumers who are indifferent between legal and illegal goods. We refer the third 
type of consumers “marginal moralists”, since they move to the black market if the price difference between 
legal and illegal markets expands even slightly.  
 
Market Equilibrium 
Let Y and Z express aggregate demand for legal and illegal goods, depending on PL and PB. We can show 
that  
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These properties come from the role of marginal moralists.  
Legal supply from the authority is Y . In this economy, the market equilibrium is expressed by  
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where PL , PB, X, and H are determined endogenously, given Y , r and φ.  
 
Two Policy Measures 
The authority has two policy instruments to control illegal production. One is to change the confiscation 
efforts in the illegal market and with regard to laundering, i.e., changing r and φ. The other is also changing 
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the level of legal supply Y . Investigation of a trade ban is mainly related with the latter instrument.  
 
A Trade Ban 
Under the above model, a trade ban is characterized as 0=Y  so that H=0 in the equilibrium. We are 
interested in the level of X under 0=Y  and that under 0>Y . Thus, X can be expressed by X(Y ). We 
compare X(0) with X(Y ). We say that a trade ban should not be lifted or a trade should be banned if 
 
0  ),()0( >∀< YYXX  . 
 
On the other hand, if it holds for some Y  that )()0( YXX >  and that level of Y  is feasible for the 
authority, a trade ban should be lifted.  
 
Result without Laundering 
If laundering is not possible, that is, if H=0 at any level of Y , then we have  
 
0  ),()0( >∀> YYXX  . 
 
In this case, a trade ban maximizes illegal production, so the ban should be lifted. However, the result 
changes considerably if we include the aspect of laundering.  
 
Result with Laundering 
Let us suppose that laundering occurs, i.e., H>0 at any level of Y .  
We can show that there exists a TY  such that  
 
TT
TT
TT
YYYXX
YYYXX
YYYXX
>>
==
<<
 if  ),()0(
 if  ),()0(
 if  ),()0(
 . 
 
This relationship is depicted in Figure 1. From this property, we can say that, with laundering, trade bans can 
become effective if legal supply is sufficiently small, and that a ban has a desirable effect because illegal 
production is worse under the supply. In this case, lifting a trade ban might worsen the situation, so that it 
should be maintained. Only if there is sufficient legal supply is it appropriate to open up the legal market. 
We call TY  a “threshold” in the sense that it divides a legal supply into either harmful or effective with 
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respect to reducing illegal production.  
 
A Sufficient Condition for a Trade Ban to be Successful.  
We do not know the exact level of the threshold legal supply. However, we can give a sufficient condition 
for a legal supply to be less than the threshold. The condition is:  
 
HY )1( φ−≤  . 
 
That is, if the legal supply is small enough to be less than the confiscated laundered goods H)1( φ− , then 
it is judged that the legal supply is strictly less than the threshold TY , so that a trade ban should not be lifted 
or the ban should be shifted in this case. 
 According to our results, the CITES trade ban on ivory trade that was enforced in 1989 is judged a success 
if the actual φ then was less than 0.8. For, in the 1980s, it is estimated that about 80% of ivory trade was in 
fact illegal and laundered2. Under this estimation, HY φ25.0= . In this case, HY )1( φ−≤ is equivalent 
to 8.0≤φ . That is, if more than one out of five laundered goods were confiscated before the enforcement 
of the ban, we can say that the ban was effective for reducing the poaching of elephants.  
 
A Policy Mix to Discourage Incentives for Illegal Producer and Launderer 
To increase confiscation efforts is not always desirable. The increasing efforts have desirable effects if dX/dr 
and dX/dφ are positive, implying that illegal production declines. Also, dπi/dr and dπi/dφ should be positive, 
which means that incentives for illegal producers and launderers decrease. However, this is not always the 
case, as can be seen from the following results.  
 
),(),(sign sign 
),(),(sign sign 
)(sign sign 
)(sign sign 
2
1
φεπ
φεπ
θεφ
θε
rtw
dt
d
rtv
dt
d
d
dX
dr
dX
tL
H
tB
X
L
B
=−=
=−=
−=
−=
 
 
where both θι and vt and wt are positive values that depend on the functional forms. On the other hand, 
L and εε B are the price elasticities of demand in the black and legal markets, respectively. As can be seen 
from these properties, if the price elasticity is low enough, then there can be an adverse effect. 
                                            
2 For example, see p.51 in Barbier et al. (1990). 
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 However, let us consider the following policy mix under a legal supply: let us raise the rate of confiscation 
directed at laundering by d(-φ)>0. Note that increasing the efforts means to reduce φ. On the other hand, 
legal supply is increased by Hd(-φ)>0. This policy focused on the detection of laundering will reduce both 
the illegal production and the producer's profit. Moreover, it will decrease the launderer’s profit. That is, 
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As we have seen before, the effects of detecting laundering are not definitive, so that it could be harmful. 
But by mixing this detection of laundering with an increase in legal supply, desirable effects are always 
achieved on both illegal production and profits in the black market. This policy can be carried out only if a 
legal supply is feasible, which is considered to be another merit of allowing legal trade.  
 
Summary 
Our results suggest, in the context of biodiversity conservation, how a “sustainable use” policy, coupled 
with the lifting of trade bans, should be evaluated in terms of poaching when laundering is possible. The 
question of whether “sustainable use” policies aggravate poaching is under dispute (see, for example, 
Hutton and Webb (2003)). From our results, we see that a “sustainable use” policy can contribute to species 
conservation  
if the level of sustainable supply is large enough, but it may on the contrary accelerate species decline if the 
level is too small. Thus, a one-sided view of “sustainable use” policies is not appropriate. Whether the 
policy is beneficial or not depends on how much legal supply is feasible.  
 Apart from trade bans, legal supply seems to be a very useful instrument for authorities to wipe out illegal 
production, when the option of legal supply is available. If it is politically necessary for the authorities to 
strengthen the detection of illegal business, the policy mix can achieve this goal without raising illegal 
production.  
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Forest Development and Firewood Shortage in Yakushima Island 
 
Tomohiro Oh 
University of Tokyo 
 
1 Introduction: The Shortage of Firewood in the 1980s 
The shortage of firewood occurred in Yakuhsima Island around 1980. The manufactures of dried fish 
which is a traditional industry in the island suffered from the occasional difficulty to obtain it. The firewood 
of broadleaf tree is essential supplies to smoke their products. The pulp industry of the island also began to 
withdraw from the business due to the insecurity of raw material. This shortage means the decrease of 
broadleaf trees which are part of dominant vegetation in the island.  
 This island has been designated as a World Natural Heritage site in 1993, and since then, became 
well-known as an island of thousands-year-old cedar trees and rich natural environment. More than 100 
thousand tourists visit each year to see the deep forest of the island (Hirata 2005). Having its rich forest in 
the Japanese sixth largest island (about 500 hectare) where over 90% of the area is mountainous and forest 
region, how could a shortage happen? 
 Although the shortage in a particular resource does not mean its depletion, natural resource that is 
not severely-depleted can be lacked. As Zimmermann has already pointed out in 1933, “natural resource” 
does not mean a natural thing itself, but the complex of culture, nature and human beings. He clearly 
indicated that it is important to focus on social aspects in “resource science” because “resource” could be 
enhanced or reduced by human activities (Hunker 1964). According to his suggestion, the context of this 
shortage once happened in this island seems to be worth studying to obtain a valuable insight for the 
paradigms about the sustainable use of forest resource and the conservation of forest diversity. 
 The firewood shortage was claimed by the manufacturers of dried fish around 1980 (Isso Brokers 
Union 1981). At that time, the island had been in the chronic shortage of broadleaf wood. There were two 
major industries utilizing broadleaf tree. One was the wood chip industry supplying hardwood chip as the 
raw materials of pulp, and another is the dried fish industry using it for smoking fishes. Even though both 
industries had suffered from the material insecurity, I focused on the latter, the manufactures of dried fish in 
this study. The reason of focusing more on the dried fish industry is because the main interest of this 
research is to examine the traditional utilization of broadleaf tree, which can give us more insights about the 
sustainable use of natural resources. From the past, the islanders had made their livelihood manufacturing 
the dried fish of mackerel or bonito and have utilized the broadleaf tree, i.e. oak, to smoke boiled fish 
(Miyashita 2000, pp.354). 
 
2 The History of the Dried Fish Production 
 The dried fish of Yakushima Island have been a well-known commodity product since a long time 
ago. For example, Figure 1 shows the order of the ranking list of dried bonito of Japan in 1822 during the 
Edo period. The product from the island, called yakushima-bushi , was ranked the first grade, Ozeki. 
Clearly, this fact shows the tradition of the industry and also the competitiveness of its product, despite of 
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the disadvantages in locality condition and the economic backwardness of the island. Richness in several 
sorts of natural resources, such as forest, fishery and water, is the major reason for this industrial 
development. These factors are indeed the gift from natural conditions. Because the island is located on the 
stream of the Black Current, there were many excellent fishing grounds off the island. In addition, plenty of 
moisture brought by this warm current has fostered the rich and varied flora (Yumoto 1995). 
 
  
Fig. 1  The ranking list of dried bonito of Japan in 1822. 
       Source: Miyashita (2000, pp.315) 
 
 The average amount of the dried bonito production from 1878 to 1880 in Kamiyaku town, one of 
two administrative districts of the island, was calculated to be about 16.8 ton. Then in the Meiji period, their 
products eventually shifted from dried Bonito to dried mackerel because the catch of bonito started 
decreasing with fishing ground moving away from the island and the competition with the fishing vessels 
from the mainland. In 1919 of the Taisho period, the amount of production in Kamiyaku town was 149.4 ton 
for dried bonito, and 341.8 ton for dried mackerel, respectively (Committee of Kamiyaku Town History 
1984, pp.463). According to this statistics, the production had increased by more than 10 times compared to 
that in the Meiji period. 
 In 1981, the dried mackerel manufacturers asked the branch office of Forest Agency to supply 
firewood during their 4th local management plan on forest development, starting from 1982. According to 
the petition, there were eight processors in the island at that time and each processor was considered to 
consume about 400 m3 to 600m3 of firewood in a year (Isso Brokers Union 1981). And in total, about 3500 
m3 to 4000 m3 was estimated necessary for the whole industry to run for a year. In order to maintain the 
sustainable supply, about 667 hectare of broadleaf forest was calculated to be needed. This area corresponds 
to just around 1% of the whole forest land in Yakushima Island. The production of dried mackerel was 
roughly estimated to be less than 700 ton in the early 1980s (Statistical Research Office of Kagoshima 
Prefecture 1981). Compared to that of the Taisho period, dried fish production had not been increasing very 
drastically. Therefore, the production itself could not have been the reason for the depletion of broadleaf tree. 
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Then what could have been the reason for this shortage? We have to scrutinize what happened in the forest 
resource which had provided goods to the islanders continuously up to that time. 
 
3 The History of the National Forest Management and Change on the Value of 
Broadleaf Tree 
 Local people had experienced the drastic change of forest utilization in the Meiji period. Before 
that, they were allowed to use the forest resources of the mountainous region behind their villages routinely. 
While the Meiji government fixed the property right of forest area across the nation, large part of the forest 
area in Yakushima Island, including the place once available for the local, had been transferred under the 
government control in 1882 (Committee of Kamiyaku Town History 1984, pp.302-303). Therefore, in order 
to find out how local people adapted to this institutional change, it is necessary to understand the forest 
resource utilization of the national forest which covers almost 78% of the forest area in this island. 
 Figure 2 shows the amount of broadleaf timber yield from the national forest after the post war era 
between 1950 and 2000. Soon after the end of World War Ⅱ, the operation in the national forest restarted 
from 1946. In the postwar years of the recovery, the logging of conifer was operated in the nationwide scale 
with high demand for building materials. Meanwhile, the broadleaf trees became less valuable temporarily 
as the demand for fuel wood decreased due to the progress of energy revolution. But in the late 1950s, the 
raw material of pulp began to change from pine tree to broadleaf trees with the technological development 
in pulp industries.  
 In 1963, Yakushima Forest Development Company was founded to operate logging to provide raw 
material for pulp. The pulp material replaced the dominant use of broadleaf tree from the fuel wood at this 
time. The yield of broad leaf timber doubled from the year before and started increasing in the middle of the 
1960s, then marked its maximum during the late 1960s. In this term, the national forest was put under the 
operation of full-scale logging (Kumamoto Forestry Office 1982 & Makita 2005). 
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    Fig. 2  The transition of the broadleaf tree production from the national forest  
           Source: Forest management office data 
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 After 1970, the amount of broad leaf timber production started to decrease rapidly. This is partly 
because of the rise of the environment conservation movement in Japan. Forest Agency gradually changed 
their operation policy to selective cutting from full scale logging. Under the severe pressure of the 
movement, the island also re-examined the operation plan, which resulted in changing the target amount of 
logging. For example, compared with that of the 3rd management plan, 168×103 m3 between 1967 and 
1971, the average amount of annual target decreased drastically to 41×103 m3 in the 4th local operation 
plan starting from 1981. Later, it became 19.4×103 m3 in the 5th local operation plan (Committee of 
Forestry History of Kagoshima Prefecture 2003). This drastic fall in the amount of broadleaf timber yield 
caused the price of broadleaf timber to increase in the market of the island.  
 
4 The Progress of Cedar Plantation and the Fluctuation of Fishery Resources 
 During the drastic increase of the broadleaf timber yield, cedar plantation was also carried out 
intensively, following the establishment of the public corporation to manage the plantation (Committee of 
Kamiyaku Town History 1984, pp.506-507). Figure 3 shows the transition of the forest area behind Isso 
village where most of the manufacturers of dried mackerel are located. This result indicates the increase of 
cedar plantation which is equal to the decrease of broadleaf tree. The cedar plantation began gradually after 
1960 and progressed intensively between 1967 and 1975. These plantations were implemented at a kind of 
community forest (Kyoyo-rin) behind the villages. This kind of community forest had been allocated by the 
Meiji government as a compensation for the nationalizing the forest. In this area, local people could obtain 
timber or fuel wood with a cut rate price through the management of Forest Agency.  
 Then after the energy revolution, local people decided to plant cedar for selling as building 
material in the future, instead of leaving it as the secondary forest which could provide the firewood of 
broadleaf tree. The demand for pulp material also enhanced the transition from the secondary forest of 
broadleaf tree (Committee of Kamiyaku Town History 1984, pp.507-508). After all, the area of cedar 
plantation had increased to 317 hectare by 1980. The places where were able to access easily had turned into 
the cedar forest in the 1980s. 
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     Fig. 3  The transition of cedar plantation area behind of Isso village.  
            Source: Committee of Kamiyaku Town History (1984, pp.511-512) 
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 In such a circumstance, the islanders have experienced the transition of mackerel catch during the 
past century (Committee of Kamiyaku Town History 1984, pp.522). Figure 4 shows the statistics of 
mackerel catch and dried fish production between 1950 and 2003. The ups and downs of the catch have 
repeated periodically. The annual amounts of dried mackerel production are shown together with mackerel 
catch mainly after 1979. The figure shows the tendency of correlation between the catch and the production. 
It could be said that the amount of the firewood which is demanded for dried fish production was also not 
constant. When the catch became the maximum around the 1970s, it is reasonable to guess that both of the 
dried fish production and the consumption of firewood was increasing. 
  Until the beginning of the bumper years of the catch around 1970, the logging at the national 
forest had been carried out eagerly, and there must have been no worry about the shortage of broadleaf 
timber during those years. The logging from the national forest was plenty enough to ensure the needs of the 
pulp companies and the dried fish manufactures. As a result, it leaded to the forestation of cedar tree from 
broadleaf tree for future income of the villages. This means that the forest resource of the community was 
exchanged to the specific property, not kept as “resource” to be ready to supply the material for their 
traditional industry. It was hard to expect the future shortage of broadleaf timber due to the shrinkage of 
logging in the national forest. 
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   Fig. 4  The transition of mackerel catch and dried fish production in Kamiyaku town. 
          Source: Statistical Research Office of Kagoshima Prefecture & Tsutsumi (1959) 
 
5 Sustainable Use of Broadleaf tree in Dried Fish Production 
 As described above, the shortage of broadleaf tree was induced by the logging of broadleaf forest 
and the plantation of cedar tree in the national forest. Focusing on the dried mackerel production, two major 
rich natural resources of the island is used for dried fish production. The sustainable use of resources means 
the sustainable supply of broadleaf tree and mackerel. By the historical perspective, it could be said that this 
traditional industry was easily affected by the changes occurring to natural resources. In this case, the value 
of broadleaf tree has been affected by the change of the national and local demands. The villagers once had 
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managed their forest utilization themselves, started relying on the resource distribution system covering the 
national forest after the Meiji era. As a result of that, the shrinkage of the logging in the national forest 
induced the shortage of firewood and had left them cedar forest which is unsuitable to smoke. This event 
clearly shows the social aspect of “resource” which is needed to provide a particular good from a natural 
thing. And it is casting doubt on the sustainability of national forest management, suggesting the better 
management of “local” resource. 
 We could also point out that the sustainable use of broadleaf tree could be affected by marine 
resources in this case. Because the need for broadleaf tree is correlated with the catch in mackerel in terms 
of dried fish production, so the decrease in the catch might induce the immediate decrease in the value of 
broadleaf tree, just as the energy revolution induced the abandonment of the firewood once in the past. If we 
consider that the variety of forest use which demand many kinds of tree species is the basic condition to 
enhance the conservation of forest diversity in a society, this case implies the marine resources is one of the 
critical factors to keep the diversity of the forest use through the traditional industry in this particular 
circumstance. This expanding causal linkage among natural things and social development indeed shows 
what “resource” is. It suggests that forest policy needs to be discussed together with marine resource 
conservation somehow in a particular situation. 
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Introduction 
Although it may sound paradoxical, in order to realize sustainable resource use, we have to consider the 
rationale for unsustainable resource use. It is important to understand under what conditions a rational agent 
chooses unsustainable resource use, because an effective policy for sustainability should be one that 
removes the very conditions that render unsustainable use rational. This study identifies the conditions under 
which finite-time exhaustion of a renewable resource is optimal.  
As well known, there is a great deal of debate on how to define sustainability, sustainable development, 
and sustainable resource management (See, for example, Pearce et al., 1990). However, finite-time 
exhaustion obviously defies sustainability. As the source of finite-time resource extinction, we discuss the 
following aspects: (a) the discounting of future benefits, (b) uncertainty about the future of the resource 
stock, (c) nonconvexity of natural growth function, (d) socio-psychological aspect of work incentives, and 
(e) strategic interaction among resource users. The policy implications are also discussed. 
 
Intrinsic growth rate and uncertainty 
Consider a bio-economic model: 
0( ) 0
max ( ( )) t
c t
u c t e dtρ
∞ −
≥ ∫  (1.a) 
subject to ( ) ( ( )) ( ),x t f x t c t= −&  (1.b) 
               0( ), ( ) 0,  (0)  givenx t c t x x≥ = ,  (1.c) 
where x  denotes the stock of a renewable resource. The natural growth of the resource is described by 
function ( )f x . Variable ( )c t denotes the amount of harvest at time t . ( )x t& denotes the time derivative 
of ( )x t . The consumption of harvest yields utility to the resource user according to the utility function ( )u c . 
The effective discount rate ρ is the sum of the user’s time preference rate and the hazard rate for a fatal event 
such as complete destruction of the ecosystem or confiscation of the property right. 
Under the assumption that the natural growth function is concave, if the intrinsic growth rate (0)f ′  is 
too low or if the effective discount rate ρ  is too high, then resource extinction is an optimal policy. It is 
worth noting that instability of the social system and/or ecosystem increases the hazard rate of a fatal event 
and thus the effective discount rate ρ . Therefore, for sustainable resource use, it is important to achieve 
institutional, political and economic stability as well as to maintain ecological resistance and resilience. 
 
                         
* Summary of K. Akao and Y.H. Farzin (2007) When is it optimal to exhaust a resource in a finite time? Ecological Research 
22, 422—430. 
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Convex-concave growth function and the initial stock level of the resource 
Assume that the natural growth function exhibits a convex-concave shape due to, for example, the Allee 
effect. (See Figure 1.) Also, assume that the marginal growth rate at origin is less than the effective discount 
rate. Given these assumptions, there is a threshold of the stock level Cx such that if the initial stock level is 
smaller than the threshold, then resource extinction is an optimal policy. (See Figure 2.) This implies that if 
resource degradation is overlooked, eventually sustainable resource management will no longer accord with 
social welfare maximization. 
 
Figure 1 Convex-concave natural growth function. 
 
 
Figure 2 Optimal paths when the natural growth function is convex-concave. 
 
Non-pecuniary value of employment 
We modify the utility function in (1.a) to take into account that the people gain their utility not only from 
consumption but also from working. Formally, we assume: 
2 2( , ),  [0, ],   working time. / 0, / 0.u c E E E E u E u E∈ = ∂ ∂ > ∂ ∂ <  
If the resource extraction sector is the only industry in the economy and the harvest technology is a 
concave function in efforts ( ( ),  0,  0E E c E E′ ′′= > > ), then resource extinction with the maximal 
harvesting effort is optimal, independent of the magnitudes of discount rate and the initial stock level of 
resource. We will refer to this situation as full-employment obsession. For detailed analysis and discussion, 
see Farzin and Akao (2006). 
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Ill-defined property right 
The “tragedy of the commons,” a problem of a common property resource used by multiple resource users, 
emerges when the property right of the resource is ill-defined and the resource is freely used by the resource 
users. The simplest formulation of the problem is as follows: 
0( ) 0
max ( ( )) t
c t
u c t e dtρ
∞ −
≥ ∫  (2.a) 
     subject to ( ) ( ( )) ( 1) ( ) ( ),x t f x t n x c tσ= − − −&  (2.b) 
 0                ( ) [0, ],  (0)  given,c t h x x∈ =   (2.c) 
where ( )xσ is the common harvesting strategy of all other users, which is assumed to depend only on the 
resource stock, and in particular, to be time independent. Therefore, in this simplest case, we assume that 
every user adopts the same stationary Markovian strategy. If the solution of the above problem is given by 
the same strategy as other users’ strategy ( )xσ , then no player has an incentive to change the strategy. A 
profile of such a strategy is called a (symmetric) Nash equilibrium. A Nash equilibrium strategy describes 
the resource use realized by rational resource users. 
Under the condition ( )f x nh< for all 0x ≥ , the strategy with the users’ maximal harvesting efforts: 
 
0
( )     if     
00
xh
x
x
σ >⎧= ⎨ =⎩
, (3) 
leads the resource to extinction at the most rapid speed and is called the most rapid extinction strategy. The 
most rapid extinction strategy constitutes a Nash equilibrium if the following inequality holds: 
 
*
* 0
( )( ) exp .
( ) ( )
ssx
ss
u h dyu h
nh f x nh f y
ρ⎡ ⎤′ ≥ −⎢ ⎥− −⎣ ⎦∫  (4) 
This result, which is proved by Sorger (1998), implies that the resource is exhausted at the most rapid speed 
if any of the following conditions is satisfied: (a) the time discount rateρ is high; (b) the users are greedy in 
the sense that the marginal utility ( )u h′ is high; (c) the aggregate harvest ability nh is high. This is a 
theoretical representation of Hardin’s (1964) “tragedy of the commons.” 
Even in this simplest case, it is known that there are multiple Nash equilibria. Not only the most rapid 
finite time resource extinction, but also sustainable resource use can be a Nash equilibrium under condition 
(4). Therefore, the tragedy of the commons may not be inevitable for a common property resource. However, 
it is hard to predict which equilibrium arises. This indicates that for two communities with identical resource 
stock and individual preferences, one may use its natural resource in a sustainable way, whereas the other 
may exhaust its resource at the most rapid speed. It is also possible that a community that has been using its 
resource in a sustainable way for a period of time may suddenly switch to a ruinous resource use path 
without any evident trigger. 
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Policies to Avoid Unsustainable Resource Use 
The risk of a fatal event for resource management raises the effective discount rate and a high discount rate 
brings finite-time resource extinction. To prevent such a situation, we need to mitigate the risk caused by 
socio or ecological instability. For the socio-economic dimension, political stability matters. For a fragile 
ecosystem, unsustainable resource use is more likely to become a rational choice, and thus careful attention 
is required. 
If the growth function of the resource exhibits nonconvexity and the resource is being degraded, a 
policy to mitigate the risk of a fatal event should be implemented early on, because when the resource has 
been already degraded, extinction is more prone to be an optimal resource use policy, even with a low 
discount rate. 
Non-pecuniary value of employment may make people give priority to full employment over 
sustainable resource use. Farzin and Akao (2006) show that the remedy is none but to create alternative 
employment sources to absorb labor force which is excessive from the viewpoint of sustainable resource use. 
They also suggest that earlier policy implementation is more prudent, since when the resource is more 
degraded, higher wage rates may be necessary to prevent resource exhaustion. 
A direct solution to the problems stemming from an ill-defined property right of resource is 
privatization. However, this solution may be physically difficult for some resources such as the global 
atmosphere and migratory animals. Even if privatization is possible, Dasgupta and Mäler (1997) give a 
caution that it may bring further resource degradation. This is due to the existing inequality in a rural 
community. If the resource is not favorably distributed to the poor, they cannot help but to encroach on the 
resource. As for other policy measures, Akao (2007) shows that among standard economic policy measures, 
a tax on harvest fails to avoid an unsustainable Nash equilibrium, whereas a system of tradable permits or 
quotas works well to realize sustainable and efficient resource usage. 
Finally, resource-sector technological assistance and income assistance may not help to prevent 
finite-time extinction. In particular, if technological assistance improves harvesting efficiency, and hence the 
maximum harvesting ability, it may even accelerate resource extinction. 
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Introduction 
Why does biodiversity conservation matter? What will happen if we do not take action to conserve it? Can 
we be sure of protecting an ecosystem and keeping it as we want? These are oft-asked questions in research 
and practice of biodiversity conservation. From the viewpoint of economics, this study identifies novel and 
challenging problems behind these questions and suggests directions for future research.  
 
Two Challenging Problems 
Why is biodiversity conservation important for our society? A simple reason is that biodiversity is useful. 
We know that biodiversity increases the long-run average productivity of bio-resources, works as insurance 
against diseases and insect pests for agricultural products, and provides models for medicines and industrial 
chemicals. At the same time, we know that our motivation to preserve biodiversity comes not only from its 
practical usefulness, but also from its aesthetic value and from ethical considerations such as stewardship. 
To make the right decisions about conservation/development of an ecosystem, those values need to be taken 
into account. How, though, can we evaluate those intangible and non-economic values? This is the first 
problem we investigate.  
The second problem concerns uncertainty. Several policy measures for biodiversity conservation have 
been proposed and implemented. But, do such measures actually ensure conservation? What would happen 
without such measures? No one has been able to answer these questions convincingly because there is 
formidable uncertainty between human intervention and its consequences for an ecosystem. Expectation 
calculation, a conventional method in decision theory, may be unable to tame this type of uncertainty 
because we may not be able to choose a plausible probability distribution, even in the subjective sense. How 
can we develop a decision theory approach for this situation? This is the second problem we investigate. 
 
Diversity Function 
The first question mentioned above motivates recent study on diversity functions. A diversity function maps 
a set of species to a nonnegative number that is interpreted as the existence value of the ecosystem 
consisting of the species. The term “existence” signifies that the value is not derived from the practical 
usefulness of the species, but generated just because they exist. 
In his seminal paper, Weitzman (1992) took a course in which the value of diversity was calculated 
based on the data of the existence value of each species and the dissimilarity between two species. 
Let ( )V i be the existence value of species i and ( ),d i j be the dissimilarity of species i for species j, which 
                                            
* Summary of the Japanese article by Ken-Ichi Akao: 赤尾健一(2006) 生物多様性の経済分析－多様性関数と不確実性
に関する最近の研究－, 環境経済・政策学会年報 11, 136—147. 
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is a pseudo distance in the sense that ( ), ( , )d i j d j i≠  in general. Then the existence value ({ , })V i j of the 
set of species{ , }i j is defined by: 
 ({ , }) ({ }) ( , ) ({ }) ( , )V i j V j d i j V i d j i= + = + . 
Weitzman defines the distinctiveness of species k for the set of the species S by: 
 [ ]( , ) min ( , ) |d k S d k s s S= ∈ . 
We obtain the diversity of the set{ , , }i j k as follows: 
 ({ , , }) ( ,{ , }) ({ , })V i j k d k i j V i j= + . 
The diversity of a set of four species is derived in a similar way using the diversity of the subset of three 
species and the distinctiveness of the remaining species. This recursive method enables the diversity to be 
obtained for any set of species. Weitzman’s diversity function has been used in empirical research, including 
research by Weitzman (1993) and Oka et al. (2001). As the dissimilarity, Weitzman (1993) employs the 
genetic distance and Oka et al. (2001) use the sum of years with which two species evolved from their 
common ancestor. 
Nehring and Puppe (2002) take another approach. They assume that each species has its own valuable 
attributes. Their diversity function is constructed by summing up the values of the attributes contained in the 
set of species under consideration. Let species i, j, k be flowers. Suppose that species i has the attributes 
“fragrant” and “gorgeous,” j has “fragrant” and “exotic,” and k has “gorgeous” and “exotic.” Denote the 
values of the attributes “fragrant,” “gorgeous” and “exotic” by ,f gλ λ and eλ , respectively. Following 
Nehring and Puppe, the diversity of the set of three flowers is calculated by: 
 ({ , , }) f g eV i j k λ λ λ= + + . 
In general, the diversity of a set of the species S is defined by 
( ) ( )1 1( ) { ,..., } { }mm jjV S A A Aλ λ== =∑ , 
where 1{ ,..., }mA A is the attributes contained in S. 
Nehring and Puppe show that:  
(a) their diversity function is a kind of Neumann-Morgenstern utility function, so that expected utility 
approach is applicable;  
(b) their “attributes” approach replicates Weitzman’s diversity function as a special case; and  
(c) Weitzman’s diversity function is too restrictive to express our evaluation of biodiversity.  
The last finding is exemplified by the case of flowers above. When we lose species i from the three 
flowers, we do not lose the diversity of attributes and thus the loss of diversity is zero. However, Weitzman’s 
diversity function suggests a diversity loss. Although the example is quite artificial because in the real world 
each flower species has its own individuality, the point is that Weitzman’s diversity function may face a 
logical contradiction. Nehring and Puppe clarify that Weitzman’s diversity function is well behaved only if 
the attributes are located on a line (one dimensional attribute case). 
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While the attributes approach by Nehring and Puppe is more comprehensive than Weitzman’s approach, 
it allows too many attributes to be included in the diversity function, so it seems difficult to find a plausible 
functional form. Due to this difficulty, the attributes approach has not been applied to empirical research. 
 
Ambiguity 
The second problem, the issue of how to develop a decision theory approach, has been studied from several 
perspectives. Among them, much interest has been attracted by a generalization of the expected utility 
hypothesis. Gilboa and Schmeidler (1989) assume that an agent cannot specify a probability of an uncertain 
event, but can have a set of possible probability distributions (multi-priors) and can assign a probability to 
each prior in the set. In other words, this is a situation in which an agent considers a lottery of a lottery. This 
type of uncertainty is called ambiguity, or Knightian uncertainty, after Frank Knight, the great economist of 
the early twentieth century who distinguished risk and true uncertainty; the former is defined as randomness 
with knowable probabilities and the latter as randomness with unknowable probabilities. 
In addition to the axioms for expected utility hypothesis, they posited the axiom called uncertainty 
aversion: an agent weakly prefers the average distribution of priors to the set of priors. Then, the agent 
makes a decision such that it maximizes the expected utility under the worst prior in the sense that the 
expected utility is minimized. The utility is called the maxmin expected utility (MEU). 
The formal illustration is as follows. Consider a two period model covering today and tomorrow. 
Suppose an ecosystem consists of n species. There are 2n possible states for the situation of the ecosystem 
tomorrow. Let diversity function ( )V s  express the present value of the biodiversity in monetary terms 
when state 1 2 2{ , ,..., }ns S s s s∈ ≡ is realized. A priorφ on conservation is represented by a probability 
distribution of the states ( ; )p s cφ , where c denotes conservation effort invested today. Denote byΦ the set 
of the priors. An agent then solves: 
 
0
( , , ) max min ( ; ) ( )
c s S
MEU p V E p s c V s cφ φφ∈Φ≥ ∈
⎧ ⎫Φ = −⎨ ⎬⎩ ⎭∑ . 
This is the maxmin expected utility. The maxmin expected utility is not as optimistic as the expected utility 
(EU): 
 
0
( , ) max ( ; ) ( ) ( , , ).
c s S
EU p V E p s c V s c MEU p Vφ φ φ
≥ ∈
⎧ ⎫= − ≥ Φ⎨ ⎬⎩ ⎭∑  
On the other hand, the maxmin expected utility is not as pessimistic as the maxmin utility (MU): 
 { }
0
( , , ) max ( ( )) ( , , )
c
MU p V V s c c MEU p Vφ φ
≥
Φ = − ≤ Φ , 
where { }( ) arg min ( ) | ( ; ) 0,
s S
s c V s p s cφ φ
∈
= > ∈Φ . Therefore, decision making based on the MEU cares 
about a possible bad event more than the EU, but less than the MU. Note that the MU suggests an extremely 
deliberate decision such as “do not go out because you may have a traffic accident.” 
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The main difficulty of the maxmin expected utility is that there is no plausible assumption about the set 
of priorsΦ . Prevailing assumptions such as rectangularity (Chen and Epstein, 2002) are employed to keep a 
model analytically tractable, but the economic justification is difficult. 
 
Perspective for future research 
Recent developments in the theory of diversity function and the treatment of uncertainty provide greater 
insight into the theoretical grounds of biodiversity conservation. However, further research is necessary 
before being able to apply these insights in practice, particularly to decision making for 
conservation/development. The standard decision tool is cost/benefit analysis (CBA). These new approaches 
suggest that conventional CBA should be modified by incorporating the existence value of diversity as a 
benefit of conservation and by replacing the expectation operation with one of maxmin expected utility. 
However, the problems set out above make it quite difficult to fully satisfy both tasks. 
A promising strategy is to seek a feasible modification of a conventional CBA that underestimates the 
expected value of benefit of biodiversity conservation in comparison with the ideal CBA which incorporates 
the existence value of biodiversity and ambiguity. A conservation project that passes the CBA is a project 
most likely to be worthwhile implementing. 
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Introduction 
Figure 1 shows relationship between forest conservation policies and their evaluation systems. Among them, 
the current research takes up the Forest Certification project and the Clean Development Mechanism (CDM) 
project for afforestation and reforestation, to apply the environmental economic evaluation system. In 
particular, we have studied what kind of roles the environmental economic evaluation performs for 
internalization of environmental benefits and costs through cost-benefit analysis of these projects, as trying 
evaluations of natural ecosystem in Sabah including the Kinabalu Park as well as the Deramakot Forest 
Reserve Area. 
 
 
Figure 1 Relationship between Forest Conservation Policies and Evaluation Systems 
 
Necessity of Environmental Economic Evaluation for Forest Policies 
In carrying out the project as forest policy, calculating environmental values provides objective evaluation 
standards. It will support in preserving good forest ecosystem, formulating regulations/laws for forest 
preservation, zoning nature preservation areas and controlling land use for amenity preservation. Further, it 
can provide basic data to carry out public or private projects, which have a high economic efficiency from 
the environmental standpoints. The social loss occurs as precious forest resources decrease. Environmental 
economic evaluation can make contributions to the policies as follows ; 
1) Switch from policies only for economic growth by plantation or clear-cutting toward policies with 
environmental preservation functions such as water resources conservation and flood control, 
2) Promotion of policies which increase environmental values at the expense of efficient and fair 
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operation/maintenance costs, 
3) Development of policies which improve overall social welfare considering public services such as 
amenity, biodiversity and local culture, not only for national economic growth or private sector’s profits, 
and 
4) Formulation of policies actively aiming at environment-oriented land use and social structure for urban 
area with little natural resources and degraded. 
 
Cost-benefit Analysis 
The cost-benefit analysis is a technique to prioritize policies or projects by evaluating social costs and 
benefits in monetary terms, and comparing the cost with validity. Public infrastructure or private-sector 
projects have been usually evaluated only with the direct benefits and costs that are so-called “internal 
economic effects”. However, when the target policies/projects are more concerned with environmental 
impacts or services, it is also needed to internalize the “external effects” of environment and natural 
resources. If such environmental damages and contribution are estimated as social costs and benefits, it 
would be possible to duly evaluate the policies/projects not only from the viewpoints of economic efficiency 
but also from social and environmental ones through the analysis. Table 1 shows a cost-benefit analysis 
model to calculate a typical evaluation parameter "Net Present Value" for forest policies. Calculating value 
of the external benefit (Be) and the external cost (Ce) can realize economic internalization of environmental 
aspects, leading to fair and social evaluation of the forest policies. 
 
Table 1 Cost-benefit Analysis Model for Forest Policy 
epded CCCBBNPV −−−+=  
NPV = net present value 
Bd = direct benefit from the forest policy 
Be = external benefit (including environmental services) 
Cd = direct cost to implement the forest policy 
Cp = cost for counter-measures to prevent environmental loss 
Ce = external cost (including unavoidable environmental damage)
 
Application of Environmental Economic Evaluation to Forest Certification Project 
(1) Background of Forest Certification Project 
The competition with non-certified cheap woods hinders the spread of forest certification system. Under the 
system, marketable woods and their commercial usage have been limited due to their youngness. Therefore, 
it is a task to manufacture various marketable products using the certified woods. Prices of the certified 
products are 10 – 20% higher than non-certified ones, although quality is not different between them. So the 
problem is how to appeal to consumers for environmental significance attributed to the certified products.  
 
At the Deramakot Forest Reserve Area managed by Sabah Forestry Department, tree-cutting have been 
controlled with the RIL (Reduced Impact Logging) method which is a model for sustainable forest 
management. It minimizes the environmental damage relying on natural regeneration function and duly 
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considering biodiversity in the forest. Because of such background, the RIL area was first in Sabah certified 
as sustainable management forest by FSC (Forest Stewardship Council) in 1997. 
 
However, the forest certification system has not been commonly applied in Sabah, because the system 
necessitates extra techniques and additional cost for preliminary survey and forest management. Economic 
benefit covering such additional cost is uncertain and environmental contribution is not recognized in wood 
market. Commercial forests in Sabah have been mostly logged in a short period with a cost-saving 
productive method. In addition, impacts on society and culture have to be evaluated as management change 
of commercial forests and setting-up of reserve area affect employment opportunity and life resources for 
local people. 
 
(2) Cost-benefit Analysis of Forest Certification Project 
Table 2 presents typical elements to be included into the cost-benefit analysis model. Improvement of public 
service functions as well as reduction of environmental and social impacts are required to obtain the forest 
certificate. Compared with non-certified forests, the certified forests therefore need additional cost to 
monitor environmental and social impacts on logging area. The model has to cover such additional costs and 
benefits, reflecting local people’s values for project impacts on social and cultural aspects.  
 
Table 2 Typical Costs and Benefits of Forest Certification Project 
Bd = value of certificated woods 
Be = social and environmental benefit (improvement of biodiversity, flood control, water resources 
conservation, creation of local employment, etc.) 
Cd = direct cost for certification procedure, forest management, logging, etc. 
Cp = cost for environmental and social conservation (monitoring, counter-measures, etc.) 
Ce = unavoidable social and environmental damage (degraded biodiversity, income reduction, etc.) 
 
(3) Cost for Certification 
Cd varies depending on the size of forests. For example, the cost to obtain the certificate is 
US$0.01-1.3/ha/year under the FSC system while that for Swiss imported woods under the CoC 
(Chain-of-Custody) system is estimated from US$500 to 1% of the wood price. In case of the SGS which is 
a FSC certification organization, the cost of certification is US$4,000-100,000/case depending on forest area. 
Because the direct cost for certification is thus a financially large burden  to private foresters, external 
social and environmental benefits from the certification system should be clarified to wood products 
consumers so that the higher prices of the certified woods could be well acceptable in market. 
 
(4) Price of Certified Woods 
Be is reflected to the price of certified woods and processed products, so that the certified products are sold 
with 10-20% higher market prices than non-certification products. These prices will further increase for 
profitability with a small demand because marketable species, diameter and age are limited. If the 
consumers purchase more Malaysian certified woods, it will help to reduce illegal logging and excessive 
deforestation in Malaysia. In addition, the wood-mileage evaluation should be reflected on the international 
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and domestic market prices to promote environment-oriented forestry all over the world. 
 
Application of Environmental Economic Evaluation to CDM Project 
(1) Background of CDM Project 
The CDM projects have positive effects not only on air quality by absorbing CO2 and producing O2 but also 
on total ecosystem. They also contribute in improving flood control function and  water resource 
conservation as usual afforestation projects. But, at the same time, afforestation/reforestation activities will 
have negative impacts on natural ecosystem and local community when mono-species plantation of 
fast-growing or exotic trees is introduced. 
 
A difference to the CDM projects from the usual afforestation activities is additional cost for acquisition of 
the credit. Its example is the cost to monitor and prevent the “linkage”, which means incremental CO2 
emission at the tree-cutted agricultural area newly cultivated by farmers who are forced to move from the 
CDM project sites. As such, social environmental consideration is strictly required under the CDM projects. 
When the CDM system is introduced in Sabah with a large population and natural environment, impacts of 
the projects should be fully assessed. 
 
(2) Cost-benefit Analysis of CDM Project 
In addition to benefit from air purification function of CO2 absorption, other Be and Ce should also be 
internalized for evaluation of the CDM project. And monitoring and preventive costs for the  linkage are to 
be included as Cp. Values of forestry resources are usually estimated through market prices. When these 
values are increased or reduced, they are regarded as Bd or Cd respectively. But, if local people consume 
forest resources for fuel materials, building materials and food not through the market, they should be 
evaluated as Be or Ce to be internalized into the cost-benefit analysis model. In addition, social benefit or 
cost accrues from the CDM project’s impact on local people , such as employment opportunity and 
community disturbance by the forest management. Typical costs and benefits of the CDM project is shown 
in Table 3.   
 
Table 3  Typical Costs and Benefits of CDM Project 
Bd = increased wood products  
Be = absorbed CO2, flood control, water resources conservation, local employment, etc. 
Cd = cost of afforestation management (investigation, monitoring, afforestation, logging, road maintenance, 
etc.) 
Cp = cost of social and environmental preservation measures 
Ce = unavoidable social environmental damage (degraded biodiversity mono-plantation of fast-growing or 
exotic species such as eucalyptus, influence to traditional culture, etc.) 
 
(3) Credit Period 
Because the credit period affects the credit price, the credit period is the important matter for the 
entrepreneurs. In COP9, the credit period was set to 60 years at the longest (renewable 20 years twice) or 30 
years (no renewable). This relatively longer period has been determined, considering difference of growth 
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period by species and area. However, unlike power station construction or  energy-saving projects, 
afforestation does not have permanence to absorb CO2 in the future. It is a problem that CO2 will be emitted 
again when trees are cut or caught in fires. 
 
Monetary Evaluation Methods for Environmental Values 
In actually applying the cost-benefit analysis models presented in the previous chapters, elements more 
unfamiliar and difficult to evaluate in monetary terms are Ce and Be. So, in this and following chapters, 
methodological framework to evaluate typical environmental values (“cost” when it is lost, and “benefit” 
when it is conserved or improved) is studies, and actual measurement is tried for natural forest, commercial 
forest and agricultural land in Sabah. Environmental functions are major targets under the current study. The 
main purpose to apply the monetary evaluation methods is to quantitatively measure the benefits. Envisaged 
benefits could be largely classified into 9 categories as follows : 
1) Fostered water resources, 
2) Conserved water quality, 
3) Erosion and flood control capacity, 
4) Air purification, 
5) Aesthetic and recreational amenity, 
6) Biodiversity services 
7) Forestry resources, 
8) Fishery resources, and 
9) Agricultural resources 
 
Potential methods for estimating the monetary value of natural resources and environmental benefits are 
examined. The next table presents a menu of valuation techniques which have been developed so far in 
environmental/resource economics, as well as typical examples of the evaluated effects. These are largely 
divided into two categories (OVA and SVA), based on their extent of objectivity or subjectivity. 
 
Table 4 Menu of Valuation Methods for Environmental Effects 
Valuation Method Typical Effects Valued
Objective Valuation Approaches (OVA) 
1) Change in Productivity 
2) Cost of Illness 
3) Human Capital 
4) Replacement (Restoration) Cost 
Productivity 
Health (morbidity) 
Health (mortality) 
Capital assets, and natural resource assets 
Subjective Valuation Approaches (SVA) 
1) Preventive (Mitigative) Expenditure 
 
2) Hedonic Approaches 
- Property (Land) Value 
- Wage Differential 
3) Travel Cost Method (TCM) 
4) Contingent Valuation Method (CVM) 
5) Conjoint Analysis 
Health, productivity, capital assets, and natural 
resource assets 
 
Environmental quality, and productivity 
Health 
Natural resource assets, and touristic assets 
Any effects including biological and aesthetic 
values
Source: Economic Analysis of Environmental Effects 
 
Objective Valuation Approaches 
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The first set if methods in the table are the Objective Valuation Approaches (OVA) that are based on 
physical relationships that formally describe cause and effect relationships and provide objective measures 
of effects resulting from various causes. OVA use “damage functions” which relate the level of offending 
activity to the degree of physical damage to a natural or man-made asset, or to the degree of health impact. 
OVA in general provide measures of the gross benefits, in the sense of losses avoided, of preventive or 
remedial actions. The important assumptions for OVA are : 
- The net value of averting damage is at least equal to the cost which would be incurred if the damage 
actually occurred ; and 
- Rational individuals, in order to prevent some damage from occurring, would be willing to pay an 
amount less than or equal to the costs arising from the predicted level of environmental effects. 
 
Subjective Valuation Approaches 
In contrast to OVA, the second set of approaches in the table, the Subjective Valuation Approaches (SVA), 
are based on more subjective assessments of possible damage expressed in real or hypothetical market 
behavior. Using revealed behavior involves examination of real markets for goods or services which are 
affected by environmental impacts, such as air or water pollution, in which people actually make trade offs 
between the environmental impact and other goods or income. In other cases environmental impacts cannot 
be valued, even indirectly, through market behavior. The alternative is to construct hypothetical markets for 
various options to reduce environmental damages, and to ask directly a sample of people to express how 
much they would be willing to pay for various reductions in environmental impacts. These are the so-called 
“Contingent Valuation Methods” (CDM) and “Conjoint Analysis”. 
 
Applicable Evaluation Framework 
The selection of a particular method of measurement obviously depends on what is being measured. 
Selection procedure starts with any environmental impact and determines whether or not there is measurable 
change in production, or if the primary effect of the impact is change in environmental quality. According to 
availability of necessary data for monetary calculation, the more applicable evaluation methods for the 
above-mentioned 9 kinds of benefits brought from the forest ecosystem could be selected as below : 
 
(1) Fostered Water Resources 
It is assumed that development water discharge (incremental water discharge usable during the dry season) 
is equal to an average outflow of groundwater fostered by incremental vegetation. Therefore, benefit of the 
water fostering function of the incremental vegetation is evaluated with costs necessary to obtain the same 
development discharge from irrigation dams (construction and O&M costs of irrigation dams). 
 
Natural vegetation in the watershed fosters groundwater for use in the watershed area and the downstream. 
And the fostered water flows into rivers and lakes, contributing to stabilization of discharged water amount 
there. So, loss of the vegetation affects the groundwater utilization and river discharge, decreasing products 
of agricultural and fishery sectors using water as key input. These industrial production losses can be taken 
474
5.3. Theoretical framework on Sustainable Forest Use Chapter 5 
 
 
as value of the water fostering function of the vegetation. 
 
Increased water resources → Change in environmental quality → Human habitat 
                                         → Replacement Cost Method 
[Benefit] = [Incremental vegetation] x [Average unit groundwater outflow of 
vegetation] 
   x [(Annual construction cost of irrigation dam per unit development discharge) 
   + (Annual O&M cost of irrigation dam per unit development discharge)] 
 
Increased water resources → Measurable change in production → Non-distorted market prices 
→ Change in Productivity Method 
[Benefit] = [Incremental vegetation area] x [Fostered groundwater per unit vegetation] 
              x [Contribution rate of unit groundwater to each sectoral production] 
 
(2) Conserved Water Quality 
The value of water quality is assumed to be equivalent to the incremental cost of treating the water so that it 
is suitable for downstream uses. The level of treatment depends on the downstream use. For example, 
irrigation water does not require the same level of purity as drinking water, so the cost of treating water for 
use in agriculture would be less than drinking water supply. The incremental cost could be calculated as the 
extra alum or lime, filter capacity, treatment plant operation costs, etc. needed to treat the excess water 
pollutants. 
 
Conserved or improved water quality → Change in environmental quality → Water quality 
→ Replacement Cost Method or Preventive Expenditure Method 
[Benefit by preventive expenditure method] 
         = [Reduced water pollutants]  
x [Unit cost for construction and O&M of water filter plant to remove the pollutants] 
 
(3) Erosion and Flood Control Capacity 
In case there is stripped area without vegetation in the watershed, severe erosion would occur under heavy 
rainfall and its downstream water quality is degraded. So value of the vegetation’s erosion control function 
is evaluated using construction costs of check dams to control and mitigate the washed-away soil. 
 
Strengthened erosion control capacity → Change in environmental quality → Water quality 
→ Replacement Cost Method or Preventive Expenditure Method 
[Benefit by preventive expenditure method] 
= [Amount of soil erosion without vegetation] 
x [Unit cost for check dam construction to control or mitigate the washed-away soil] 
 
Watershed degradation contributes to increased flooding in two ways. First, tree cutting and other land 
disturbance reduce the water holding capacity of the soil, causing larger peak flows of drainage after rain 
storms. Second, the sediment that erodes from the stripped or disturbed land fills the beds of rivers and lakes, 
allowing flood water to rise above the river and lake banks. The value of flood damage resulting from 
watershed degradation could be estimated as the value of the incremental amount of increased flooding or 
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decreased flood control capacity. 
 
Strengthened flood control capacity → Change in environmental quality → Human habitat 
→ Replacement Cost Method 
[Benefit] = [Reduced cost to rehabilitate damages due to mud-slide and flooding] 
     = [Cost to restore damaged land and building] + [Cost to remove mud and water] 
+ [Repair cost of paddy dikes] + [Cost to rebuild or relocate damaged infrastructure] 
+ [Other expenditure in rehabilitation] 
 
When land and buildings are damaged, the measure of damage should be calculated as the cost to restore 
them to their original condition. The restoration activities might include removal of mud and dust, repairing 
of buildings and paddy dikes, and finding temporary accommodation while the buildings are being repaired. 
Roads, bridges, pipelines, electrical power lines and other public infrastructure could be damaged by mud 
slides and flooding associated with land disturbance activities in the watershed. The value of the damage in 
these cases could be calculated as cost to rebuild or relocate the damaged infrastructure. 
 
The next equation reflects that the loss of revenue from lost farm production is a value of the strengthened 
erosion- and flood-control capacity when agricultural land is covered by mud slides. 
 
Strengthened erosion and flood control capacity → Measurable change in agricultural production 
→ Non-distorted market prices → Change-in-Productivity Method 
[Benefit] = [Agricultural area protected from erosion]  
x [Incremental products] x [Unit market price of product] 
 
(4) Air Purification 
Oxygen supply function of the incremental vegetation is evaluated by calculating the oxygen weight 
discharged from the vegetation based on the existing research data, which is multiplied by unit market price 
of the industrial oxygen. And amount of CO2 absorbed by the incremental vegetation is estimated for 
calculation of a total cost to remove them alternatively. This total cost is regarded as an economic value of 
the air purification function of the incremental vegetation. 
 
Improved air quality → Change in environmental quality → Air quality 
→ Replacement Cost Method 
[Benefit] = [Amount of incremental vegetation] 
          x {[(Annual net O2 discharge per vegetation) x (Unit market price of O2)] 
+ [(Annual net CO2 absorption net vegetation) x (Unit removal cost of CO2)]} 
 
(5) Aesthetic and Recreational Amenity, and 
(6) Biodiversity Services 
The value of the aesthetic quality of the natural environment is difficult to calculate in monetary terms, 
because it depends on the subjective preference of each individual person. One approach to assigning a 
monetary value to aesthetic qualities is to estimate how much the people living in and around the area would 
pay to preserve them (willingness to pay, WTP). The cumulative regional WTP could be interpreted to be 
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equal to the overall value of restoring the aesthetic quality of the environment. In addition, It is likely that 
Malaysian and international tourists who visit the National Park would also be willing to pay some small 
amount of money such as a surcharge on hotel room rates for preserving the aesthetic quantities of the Park. 
 
Aesthetic and biodiversity quality → Change in environmental quality → Aesthetics, biodiversity 
→ Contingent Valuation Method 
[Non-use benefit including existence value] 
= [Average WTP of non-use value of local households] x [Number of local households] 
+ [Average WTP of non-use value of tourists] x [Number of tourists] 
 
Conserved or improved aesthetic quality → Change in environmental quality → Recreation 
→ Travel-Cost Method or Contingent Valuation Method 
[Use-benefit by travel cost method] 
= [Average travel cost of tourists] x [Incremental number of tourists] 
+ [Average travel cost of local visitors] x [Incremental number of local visitors] 
Where [Travel cost] = [Transportation fee] + [Time cost] + [Opportunity cost of stay] 
[Use-benefit by contingent-valuation method] 
= [Average WTP of use value of local households] x [Number of local households] 
+ [Average WTP of use value of tourists] x [Number of tourists] 
 
Tourism accounts for a part of the trade of goods and services in and around the National Park. A majority of 
tourists visiting the Park could be classified as “Adventure and Eco-tourists” enjoying the natural landscape 
of the area. 
 
Conserved or improved aesthetic quality → Measurable change in tourism production 
Non-distorted market prices → Change in Productivity Method 
[Benefit] = [Incremental tourists due to environmental improvement or conservation] 
x [Incremental net profit of tourism sector per tourist] 
 
(7) Improved Forestry Resources 
Forests provide several valuable goods and services, including wood products, flood control by stabilizing 
soil, aesthetic quality and habitat for wildlife. Potential methods for calculating the value of the loss of flood 
control and aesthetic quality are mentioned in the above sections, respectively. The value of loss of timber 
and other wood products could be estimated as the overall income that would be derived from harvesting, 
processing, and selling the products on a sustainable logging on land of similar area, tree types, proximity to 
roads and factories, etc. where watershed management has been well done. 
 
Improved forestry resources → Measurable change in forestry production 
→ Non-distorted market prices → Change in Productivity Method 
[Benefit] = [Incremental forest land] x [Amount of incremental forest goods] 
x [Unit market price of forest goods] 
 
(8) Conserved or Improved Fishery Resources 
Siltation of river/lake beds and other fish habitat is the main source of environmental damage that poor 
watershed management causes to fishery resources. Top soil is eroded during heavy rain, and the sediment 
drains into these sensitive aquatic areas decreasing their ability to support fish life. The value of the damage 
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to fishery resources might be estimated as the loss of fishing income caused by the siltation of fish 
habitat.The loss of fishing income might be estimated directly or indirectly. If historical records were 
available, it might be possible to directly estimate the reduction in fishing income. But these results might be 
unreliable because such factors as improved fishing techniques and boats, increase in the sale price of fish, 
and increases in the number of people who work in the fishing industry must all be considered. In addition, 
this direct estimate might unfairly bias against the watershed management, because the other factors such as 
over-harvesting and pollution from the inland fishery itself might have contributed to the decline in fishing. 
Consequently, an indirect method of comparison would probably give better results. 
 
Conserved or improved fishery resources → Measurable change in fishery production 
→ Non-distorted market prices → Change in Productivity Method 
[Benefit] = [Improved or conserved water area] 
x [Amount of incrementally caught fish and other fishery products] 
x [Unit market price of such fishery products] 
 
(9) Improved or Conserved Agricultural Resources  
The extension program of agroforestry technology would increase productivity of the existing agricultural 
land. This could be a major benefit, so that the incremental agricultural products between with-project and 
without-project are evaluated with non-distorted market prices. 
 
Improved agricultural resources → Measurable change in agricultural production 
→ Non-distorted market prices → Change in Productivity Method 
[Benefit] = [Amount of incremental agricultural products] 
x [Unit market price of the agricultural products] 
 
8. Results of Economic Evaluation for Natural Ecosystem in Sabah 
In accordance with the existing data and information available, the most appropriate evaluation methods 
were selected and economic values for various environmental functions have been measured for such typical 
ecosystems in Sabah as natural forest, commercial forest and agricultural land. As shown in Table 5, annual 
overall value of the natural forest seems much higher than the other two ecosystems, although their non-use 
value of biodiversity services could not be calculated due to lack of data. 
 
“6. Biodiversity services” for the natural forest has been calculated with statistical data (Table 6) collected 
through questionnaire survey to tourists and local residents around the Kinabalu Park. In order to measure 
the value for the commercial forest and agricultural land, another questionnaire survey should be carried out 
to apply the contingent valuation method, furthermore “conjoint analysis” which had been also tried under 
the current study but resulting in statistically insignificant outputs unfortunately. 
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Table 5 Economic Values of Environmental Functions 
Environmental Evaluation Economic Value   (RM/ha/year in 2003 price) 
Functions Methods Natural Forest Commercial Forest Agricultural Land 
1. Fostered water 
resources 
Replacement cost 91 102 21 
2. Conserved water 
quality 
Preventive-expenditure 29,693 7,423 Not related 
3. Erosion & flood 
control 
Replacement cost, 
Change-in-productivity
21,391 5,348 Not related 
4.Air purification 
(including CO2 
absorption) 
Replacement cost 24,006 27,828 Little data 
5. Aesthetic & 
recreational amenity 
Travel cost 8,735 Not related Not related 
6. Biodiversity services 
(non-use) 
Contingent valuation 112,024,000 Little data Little data 
7. Forestry resources Change-in-productivity Not related 51～89 Not related 
8. Agricultural 
resources 
Change-in-productivity Not related Not related 1,917～19,940 
9. Improved fishery 
resources 
Change-in-productivity 1.45 0.36 Not related
 
 
Table 6  Average Value for Biodiversity Services 
Subject Unit Foreign 
Tourists 
Malaysian 
Tourists 
Local 
Residents 
Number of Samples person 97 76 24 
1. Biodiversity of natural forest $/ha/year 58 10 5 
2. Biodiversity of commercial forest $/ha/year 37 9 6 
3. Average value for flora $/species/year 0.9 0.2 0.1 
Note） US$ 1＝RM 3.8 
 
9. Contribution to Forest Policy/Project by Environmental Economic Evaluation 
CO2-absorption function of forest resources is expected as incentive to prevent decrease of a tropical forest. 
Actually, the forest certification, CDM and ISO14001 has become powerful systems to implement so-called 
“corporative social responsibility”(CSR). However, the CDM project and the forest certification project 
should not be managed only as CO2 absorption source, but also for sustainable forest management. For 
example, further environmental consideration should be taken such as targeting secondary forests rather than 
natural forests when a plantation expands.  
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Figure 2 Structural Example of Sustainable Forest Management 
 
As Figure 2 shows, additional value can be added to the certified woods by means of putting the 
certification labels because of the recent activation of green consumerism. Private foresters can improve 
their social images through selling eco-friendly certified products. The certified forests help prevent 
environmental destruction by afforestation managed with technical standards regulating logging methods, 
tree species and maintenance of logging roads for biodiversity and security of the employment. 
Environmental value of the certified woods has already been internalized, for example setting the price of 
certified woods at 20% higher than the non-certified woods.  
 
In activating more and more such environment-oriented forestry systems, the environmental economic 
evaluation approach focused in this study is quite useful clarifying the objective environmental values of the 
systems and persuading both foresters and consumers to be actively involved into the sustainable forestry 
and environmental conservation.      
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Introduction 
When considering forest conservation measures, it is important to understand how local residents perceive 
forests. Residents of Yakushima, an island south of Kyushu, Japan, distinguish forest areas as “maedake” and 
“okudake,” and have utilized these areas in distinct ways. Maedake forests contain broadleaved trees and are 
located at altitudes below 1200 m. Okudake are covered by coniferous or broadleaved trees and occupy higher 
altitudes. Almost all residents of Yakushima inhabit the coastal area and traditionally used maedake for fuels 
and fertilizers. In contrast, the islanders have long regarded okudake as sacred places and have prohibited 
resource extraction from these forests. Since the Edo period at the beginning of the seventeenth century, the 
island’s forests have also been known for providing timber from giant, ancient Japanese cedar trees called 
Yaku-sugi (lit. Yaku cedar). 
In 1993 UNESCO designated part of Yakushima Island as a World Heritage Site, and residents have 
increasingly recognized the non-use values of their forests (e.g., as related to heritage and the existence of 
nature). Research by Kuriyama (2000) has also demonstrated that the value of Yakushima’s forests is mainly 
comprised of non-use values. In this study, we looked at how residents of Yakushima value local forests and 
examined their motivations for forest conservation. We classified respondents into three groups, based on their 
valuation of maedake, with the aim of clarifying which groups are most motivated to conserve the forest.  
 
Methods 
From the population of all households in Yakushima (N = 3167, in 2002), we used simple random sampling 
from the telephone book to choose a subset of 1095 residents. We then mailed or directly distributed 1095 
questionnaire sets in July 2002; of these, 263 sets were returned, for a response rate of 24 %. To analyze the 
relationship between valuation of maedake and awareness of forest conservation, we classified the respondents 
into three groups and compared these groups with respect to conservation awareness, frequency of forest use, 
and type of use.   
 
Results 
Of the 263 respondents, 234 (89%) answered that the forest should be preserved. The survey then asked why 
the forest should be preserved. Respondents were allowed to choose two reasons from a list of six. The most 
frequent answer was that “it is natural that forest exists” (Fig. 1). We divided these reasons into two categories: 
use value and non-use value. The reasons “daily needs,” “tourist attraction,” “own property,” and “plants/trees 
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for money” were classified as use values, while “it is natural that forests exist” was classified into the non-use 
value. The results showed that local residents recognized both types of value.  
0 50 100
Plants/Trees
for money
Own property
Others
Tourist 
attractions
Daily needs
It is natural that the forest
exists 
number of answers
150
Fig. 1 Reasons why broadleaved forest should be preserved 
 
Next, we divided the respondents into three groups, based on how they valued the forests.  
(1) The non-use value group (NUV group): respondents who selected reasons classified as the non-use 
value.  
(2) Use value group (UV group): respondents who selected reasons classified as use value.  
(3) Both value groups (BV group): respondents who selected both non-use value and use value reasons.  
We compared these groups based on replies to “Would you prefer that the area of maedake be increased?” The 
five answer choices ranged from “strongly agree” to “strongly disagree.” This question was designed to 
determine whether the respondent felt positive with regard to broadleaved forest conservation. Compared to 
the NUV group, the UV and BV groups were more positive with regard to increasing the forest (Fig. 2). The 
BV group used forests more frequently than the UV or NUV groups did (Fig. 3). Figure 4 shows present and 
past use of the broadleaved forest. Classifying use into two categories (direct use and indirect use) showed that 
the UV group tended to use the forest more directly, while the NUV group tended to use the forest more 
indirectly (Fig. 5). 
0% 50% 100%
BV group
UV group
NUV group
Strongly agree Strongly disagree
 
Fig. 2 Replies to “Would you prefer that the area of maedake be increased?”
NUV group: respondents who selected reasons classified as the non-use value; 
UV group: respondents who selected reasons classified as the use value; 
BV group: respondents who selected both non-use value and use value reasons.  
 
482
5.3. Theoretical Framework on Sustainable Forest Use Chapter 5 
 
 
0% 50% 100%
BV group
UV group
NUV group
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Fig. 3 Frequency of present use of broadleaved forest.
NUV group: respondents who selected reasons classified as the non-use value; 
UV group: respondents who selected reasons classified as the use value;  
BV group: respondents who selected both non-use value and use value reasons.  
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Fig. 4 Change of maedake use              
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Discussion 
Fig. 5 Direct and indirect uses of maedake.
NUV group: respondents who selected reasons classified as the non-use value; UV group: respondents 
who selected reasons classified as the use value; BV group: respondents who selected both non-use value 
and use value reasons. 
Classification of respondents based on how they valued use and non-use of the forest revealed lower awareness 
of forest conservation in the NUV group than in the UV and BV groups. This result suggests that local 
residents have greater awareness of forest conservation when they recognize its use value. As noted above, 
almost all residential and agricultural areas of Yakushima are near the broadleaved forest. Furthermore, village 
residents have used forests according to the needs of the times. These results indicate that use value is essential 
for developing positive feelings with respect to preserving or increasing the forest. On the other hands, local 
residents, who recognize only non-use value, have not directly used forests. They therefore would not try to 
change forests even if the area of forests then increase. 
    The results also reveal that the kinds of use values have changed over time. In the past, most residents used 
broadleaved forest for firewood or woodchips, but today they mainly use the forest for recreation or in 
connection with tourism. The residents should aim to preserve the forest depending on their uses. Therefore, 
future studies should clarify how the residents would preserve the forest.  
Some residents still used the forests in traditional ways, such as for obtaining edible plants and animals. 
This implies that the islanders’ lives are still closely connected to the natural forests. At present, firewood use is 
rare in Japan. However, 10 % of the respondents from Yakushima reported that they still obtain firewood from 
the forests. Forest policy should reflect such local characteristics of forest use.  
 
Reference 
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